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0HJDSURMHFWV DUH RIWHQ DVVRFLDWHG ZLWK SRRU GHOLYHU\ SHUIRUPDQFH DQG SRRU EHQHILWV
UHDOL]DWLRQ7KLVSDSHUSURYLGHVDPHWKRGRILGHQWLI\LQJLQDTXDQWLWDWLYHDQGULJRURXVPDQQHU
WKHPHJDSURMHFWV¶ FKDUDFWHULVWLFV UHODWHG WRSURMHFWPDQDJHPHQW VXFFHVV LQ0HJDSURMHFWV ,W
SURYLGHV DQ LQYHVWLJDWLRQ RI KRZ VWDNHKROGHUV LQYROYHG LQ 0HJDSURMHFWV FDQ XVH WKLV
NQRZOHGJHWRHQVXUHWKHPRUHHIIHFWLYHGHVLJQDQGGHOLYHU\RIPHJDSURMHFWV7KHUHVHDUFKLV
JURXQGHGLQPHJDSURMHFWVDQGDV\VWHPDWLFHPSLULFDOO\EDVHGPHWKRGRORJ\WKDWHPSOR\V
WKH)LVKHU([DFW7HVWDQG0DFKLQH/HDUQLQJWHFKQLTXHVWRLGHQWLI\WKHFRUUHODWLRQEHWZHHQWKH
PHJDSURMHFWV¶ FKDUDFWHULVWLFV DQG SHUIRUPDQFH SDYLQJ WKH ZD\ WR WKH XQGHUVWDQGLQJ WKHLU
FDXVDWLRQ 
 
.H\ZRUGV0HJDSURMHFWV&DVHVWXGLHV6WDWLVWLFDODQDO\VLV%XGJHW6FKHGXOH 
  
,QWURGXFWLRQ 
0HJDSURMHFWV DUH WHPSRUDU\ HQGHDYRUV LH SURMHFWV FKDUDFWHUL]HG E\ ODUJH LQYHVWPHQW
FRPPLWPHQWYDVWFRPSOH[LW\HVSHFLDOO\LQRUJDQL]DWLRQDOWHUPVDQGORQJODVWLQJLPSDFWRQ
WKH HFRQRP\ WKH HQYLURQPHQW DQG VRFLHW\ %URRNHV DQG /RFDWHOOL  0HJDSURMHFWV
LQFOXGHSRZHUSODQWVRLODQGJDVH[WUDFWLRQSODQWVDLUSRUWVDQGSURFHVVLQJSURMHFWVUDLOZD\V
PRWRUZD\V GDPV DQG HYHQ FXOWXUDO HYHQWV 9DQ :HH  :KDW PHJDSURMHFWV KDYH LQ
FRPPRQLVWKHLUUHTXLUHPHQWIRUWKHFRRUGLQDWLRQDQGFRQWURORIDYDVWDQGFRPSOH[DUUD\RI
ILQDQFLDOVRFLDODQGWHFKQLFDOUHVRXUFHVWRWXUQWKHPLQWRUHDOLW\+XHWDO/RFDWHOOL
0DQFLQLHWDO0HJDSURMHFWVKDYHVLJQLILFDQWLPSOLFDWLRQVIRUVRFLHW\DQGWKH\KDYHD
SLYRWDOUROHLQWKHLPSOHPHQWDWLRQRIERWKHQHUJ\DQGWUDQVSRUWSROLFLHV/RFDWHOOL,QYHUQL]]L
HW DO  /RFDWHOOL 0DULDQL HW DO 6RYDFRRO1XJHQW HW DO 0HJDSURMHFWV
UHSUHVHQW WKH ODUJHVW SURSRUWLRQRIJRYHUQPHQWDO DQG (XURSHDQ FRPPLVVLRQ H[SHQGLWXUHRQ
LQIUDVWUXFWXUH DQG WKHLU VXFFHVVIXO GHVLJQ DQG GHOLYHU\ KDYH PDMRU LPSOLFDWLRQV IRU SXEOLF
ILQDQFHV )O\YEMHUJ HW DO  'HVSLWH WKHLU FULWLFDOLW\ PHJDSURMHFWV DUH DVVRFLDWHG ZLWK
H[WUHPHO\ SRRU GHOLYHU\ SHUIRUPDQFH DQG DQ H[WUHPHO\ SRRU ORQJWHUP EHQHILWV UHDOL]DWLRQ
)O\YEMHUJHWDO.DUGHVHWDOYDQ0DUUHZLMNHWDO0HUURZ 
7KHVXFFHVVIXOWUDQVIHURIOHDUQLQJDFURVVSURMHFWVDQGPHJDSURMHFWVKDVEHHQDORQJKHOGGHVLUH
E\WKRVHLQYROYHGLQWKHLUGHVLJQDQGGHOLYHU\7KHGLIILFXOWLHVLQOHDUQLQJDUHFUHDWHGE\WKH
YHU\QDWXUHRISURMHFWVWKHPVHOYHVLHWKHLUVHSDUDWLRQIURPD³SHUPDQHQW(?RUJDQL]DWLRQDQG
WKHLUXQLTXHQHVV-DFREVVRQHWDO.XMDODHWDO:LNVWU|PHWDO0RUHRYHU
WKH VL]HDQGFRPSOH[LW\RIPHJDSURMHFWVPDNH LWYHU\GLIILFXOW WRGLVFHUQZKLFKDFWRUV DQG
HOHPHQW RI LWV P\ULDG FRQILJXUDWLRQV KDYH DFWXDOO\ LQIOXHQFHG WKH VXFFHVV LQ WKHLU GHOLYHU\
&KDQJHWDO&KDSPDQYDQ0DUUHZLMNHWDO 
,QWKHODVWGHFDGHVSURMHFWPDQDJHPHQWOLWHUDWXUHKDVYDVWO\LQYHVWLJDWHGWKH³VXFFHVVIDFWRUV´
WKDWLPSDFWRQWKHVXFFHVVRIWKHSURMHFWVPHDVXUHGWKURXJKWKHVRFDOOHG³VXFFHVVLQGLFDWRUV´
RUFULWHULD$³VXFFHVVIDFWRUV´FDQEHDGHWDLOHG)URQW(QG(QJLQHHULQJDQG'HVLJQ)(('
0HUURZRUWKHHDUO\HQJDJHPHQWRIH[WHUQDODQGLQWHUQDOVWDNHKROGHUV%URRNHVDQG
/RFDWHOOL  3URMHFW ³VXFFHVV LQGLFDWRUV´ DUH GHILQHG DV WKH PHDVXUHV E\ ZKLFK WKH
VXFFHVVIXORXWFRPHRIDSURMHFWLVDVVHVVHGZKLOH³VXFFHVVIDFWRUV´DUHWKHHOHPHQWVRIDSURMHFW
WKDW FDQ EH LQIOXHQFHG WR LQFUHDVH WKH OLNHOLKRRG RI VXFFHVV 0OOHU DQG 7XUQHU 
7UDGLWLRQDO³VXFFHVVLQGLFDWRUV´LQSURMHFWPDQDJHPHQWUHIHUVWRWKHVRFDOOHGLURQWULDQJOHLH
FRVWWLPHDQGTXDOLW\+RZHYHUWKLVVKRUWWHUPFRQWUDFWEDVHGYLHZKDVEHHQFKDOOHQJHGE\
UHVHDUFKHVFRQVLGHULQJPXOWLSOHSHUVSHFWLYHVRIGLIIHUHQWVWDNHKROGHUVLQGLIIHUHQWWLPHIUDPHV
'DYLV'LPLWULRXHWDO7XUQHUDQG=ROLQ5HFHQWO\:LOOLDPVKDV
HPSKDVL]HG WKDW LW LV LQFUHDVLQJO\ UHFRJQL]HG WKDW WKH QDWXUH RI SURMHFW VXFFHVV LV
PXOWLGLPHQVLRQDOZLWKGLIIHUHQWFULWHULDRQO\VRPHFOHDUO\PHDVXUDEOHDQGWKDWWKHUHLVVWLOO
OLPLWHGXQGHUVWDQGLQJLQWKHFDXVDOFKDLQVWKURXJKZKLFKVXFFHVVHPHUJHV=DYDGVNDVHWDO
 DOVR DQDO\VH FRPPRQ FRQVWUXFWLRQ SHUIRUPDQFH IRFXVLQJ RQ ZKDW WKH\ FDOO SURMHFW
PDQDJHPHQW³SUREOHPV´DJDLQVWWKH³VXFFHVVIDFWRUV´LOOXVWUDWLQJKRZWRDVVHVVWKHSURMHFWV¶
HIILFLHQF\XVLQJDJJUHJDWHGLQGLFDWRUV*XQDWKLODNDHWDOUHYLHZLQJSDSHUVDERXWWKH
UHODWLRQVKLSEHWZHHQSURMHFWVXFFHVVIDFWRUVDQGSURMHFWVXFFHVVLQGLFDWRUVKLJKOLJKWWKHVFDUFH
HPSLULFDOHYLGHQFHWKDWVXSSRUWWKHDFWXDOFRUUHODWLRQEHWZHHQWKHP%DVVDPGRHVQRW
OLPLW KLV UHVHDUFK WR WKH FRQVWUXFWLRQ ILOHG DQG HPSOR\V VWDWLVWLFDO DQDO\VLV WR H[DPLQH WKH
FRUUHODWLRQVEHWZHHQWKHULVNIDFWRUVWKDWDUHFRPPRQWRVXFFHVVLQGLFDWRUVWRFRQFOXGHWKDW
WKHUHDUHVRPHIDFWRUVLQWKHLQLWLDWLRQSKDVHWKDWFRXOGOHDGWRWKHRFFXUUHQFHRIDGGLWLRQDOULVN
IDFWRUV LQ WKH LPSOHPHQWDWLRQ DQG HYDOXDWLRQ SKDVHV$ GHWDLOHG H[DPSOH RI WKLV ODWWHU FDVH
UHODWHGWR(;32LVSUHVHQWHGLQ/RFDWHOOLDQG0DQFLQL 
7KLVSDSHU DLPV WRSURYLGH DPHWKRG WR LGHQWLI\ LQ DTXDQWLWDWLYHDQG ULJRURXVPDQQHU WKH
PHJDSURMHFWFKDUDFWHULVWLFVLHWKHDIRUHPHQWLRQHG³VXFFHVVIDFWRUV´FRUUHODWHGWRSURMHFW
PDQDJHPHQWVXFFHVVLQGLFDWRUV,WDOVRDLPVWRSURYLGHDPRGHOIRU0HJDSURMHFWFRVWDQGWLPH
SHUIRUPDQFHSUHGLFWLRQ 
$VFODULILHGLQWKHOLWHUDWXUHUHYLHZVHFWLRQDNH\QRYHOW\RIWKHUHVHDUFKSUHVHQWHGLQWKLVSDSHU
LVWKHWUDQVSDUHQWOHYHUDJLQJRISURMHFWFKDUDFWHULVWLFVDQGFDVHVWXGLHVUDWKHUWKDQIRULQVWDQFH
VXUYH\RUSURSULHWDU\GDWDEDVH6SHFLILFDOO\WKHSDSHUDGGUHVVHVSURMHFWFKDUDFWHULVWLFVHJ
³WKHUHLVSODQQHGDORQJWHUPVWDELOLW\LQXVDJHDQGYDOXH´RU³WKHSURMHFWUHFHLYHILQDQFLDO
6XSSRUWIURPWKH(XURSHDQ8QLRQ´6HHWKHIXOOOLVWLQWKHDSSHQGL[WDEOHWRWDEOHDQG
WKHLU FRUUHODWLRQ ZLWK  SURMHFW PDQDJHPHQW VXFFHVV LQGLFDWRUV ³7KH SURMHFW KDG D FRVW
RYHUUXQ´GHOD\HGLQWKHSODQQLQJSKDVH´DQG³GHOD\HGLQWKHFRQVWUXFWLRQSKDVH´ 
/LWHUDWXUHUHYLHZ 
7KHPDMRULW\ RI WKH H[LVWLQJ OLWHUDWXUH DERXW SURMHFWPDQDJHPHQW VXFFHVV LQGLFDWRUV FDQEH
FOXVWHUHGLQWRWKUHHJURXSV 
1. 6WDWLVWLFDODQDO\VLVRIODUJHGDWDEDVHV 
2. 6XUYH\ZLWKSURMHFWPDQDJHUVDQGVWDNHKROGHUV 
3. &DVHVWXGLHVDQDO\VLV 
 
6WDWLVWLFDO DQDO\VLV RI ODUJH GDWDEDVH 3URPLQHQW UHVHDUFK KDV EHHQ XQGHUWDNHQ LQ WKH
VWDWLVWLFDODQDO\VLVRIODUJHGDWDEDVHVRIPHJDSURMHFWV$QVDUHWDO&DQWDUHOOLHWDO
)O\YEMHUJ0HUURZ)RUH[DPSOHE\DQDO\]LQJDODUJHGDWDEDVH)O\YEMHUJ
LQYHVWLJDWHVZK\SURMHFWVDUHODWHRURYHUEXGJHWDQGRQFHGHOLYHUHGSURYLGHOHVVEHQHILWWKDQ
SODQQHG2SWLPLVPELDVDQGVWUDWHJLFPLVUHSUHVHQWDWLRQDUHVLJQLILFDQWFRQWULEXWRU\IDFWRUVIRU
RYHUHVWLPDWLRQRIEHQHILWVDQGXQGHUHVWLPDWLRQRIFRVWVRIPHJDSURMHFWGHVLJQDQGGHOLYHU\
$FFRUGLQJWR0HUURZWKHPDLQUHDVRQVIRUDSURMHFWIDLOXUHDUHSRRU)URQW(QG/RDGLQJ
)(/)(('DQGPLVDOLJQHGLQFHQWLYHV6XFKVWDWLVWLFDODQDO\VHVSURYLGHLQYDOXDEOHLQVLJKWV
LQWRPHJDSURMHFWGHVLJQDQGGHOLYHU\EXWWKHODFNRIDYDLODELOLW\RIWKHEDVHGDWDXVHGWRFUHDWH
WKHVHILQGLQJVLVLQLPLFDOWRIXUWKHULQYHVWLJDWLRQV 
$ SDUWLFXODU VXEVHW RI VWDWLVWLFDO UHVHDUFKHUV KDYH DUH IRFXVHG RQ D SDUWLFXODU W\SH RI
PHJDSURMHFWV.RFKLQYHVWLJDWHGVHYHQ'DQLVKDQG6ZHGLVKRIIVKRUHZLQGIDUPV$QVDU
HWDODQDO\]HGDODUJHGDWDEDVHRIGDPV/RFDWHOOLHWDOZHUHIRFXVHGRQSRZHU
SODQWV 6RYDFRRO HW DO  D E FRQGXFWHG HPSLULFDO VWXGLHV UHO\LQJ RQ H[WHQVLYH
GDWDEDVH FRPSRVHG RI  HOHFWULFLW\ LQIUDVWUXFWXUH SURMHFWV 'HVSLWH WKHLU ODUJH VWDWLVWLFDO
VLJQLILFDQFH WKH VHFWRUDO FRQVWUXFWLRQ RI WKHVH LQYHVWLJDWLRQ¶V GDWDVHWV PDNH LW GLIILFXOW WR
H[WHQGILQGLQJVWRRWKHUPHJDSURMHFWVHFWRUV 
 
6XUYH\VRISURMHFWSDUWLFLSDQWV6HYHUDOUHVHDUFKHUVIROORZWKLVSDWKE\DVNLQJGLUHFWO\WR
3URMHFW0DQDJHUVDERXW WKHVXFFHVVIDFWRUVLQSURMHFWVHJ .RJDQG/RK3LQWRDQG
0DQWHO3LQWRDQG6OHYLQRUWKH³IDFWRUVWKDWZHUHUHJDUGHGDVFULWLFDOWRWKDW
SURMHFW
VRXWFRPH´:KLWHDQG)RUWXQHSRUWKH³SURMHFWVXFFHVVIDFWRUVIRUGHVLJQ
DQGEXLOGSURMHFWVDQGWKHUHODWLYHLPSRUWDQFHRIWKHVHIDFWRUVRQSURMHFWRXWFRPH´&KDQHW
DOS7KHVHSDSHUVSURYLGHDYHU\LQWHUHVWLQJFRQWULEXWLRQEXWWKHPHWKRGRORJLFDO
FKRLFHIROORZHGE\WKHVHLQYHVWLJDWLRQVPHDQVWKDWWKHLUUHVXOWVFDQRQO\UHDOO\EHFRQVLGHUHG
DVQRUPDWLYHVWXGLHVRIZKDWVFKRODUVDQGSUDFWLWLRQHUVLQYROYHGLQWKHVXUYH\VWKLQN2IWHQ
WKHLU UHVSRQVHV DUH H[WUHPHO\ FRQVWUDLQHG E\ WKH VXUYH\ LQVWUXPHQWV XWLOL]HG LQ WKH
LQYHVWLJDWLRQV 
 
&DVHVWXGLHV$QDO\VLV&DVHVWXG\PHWKRGRORJ\LVDUHVHDUFKPHWKRGRORJ\H[WHQVLYHO\XVHG
WRGHVFULEHDQGXQGHUVWDQGWKHEHKDYLRURIDSURMHFWV<LQ,WFDQEHFRQVLGHUHGDVDYHU\
HIIHFWLYHPHWKRGRORJ\IRUWKHWKHRU\EXLOGLQJ(LVHQKDUGW&DVHVWXGLHVGRSURYLGHD
XVHIXODSSURDFKWRLQYHVWLJDWLQJPHJDSURMHFWV%URRNHV1-+LFNH\5/LWWDX3/RFDWHOOL
*2OLRPRJEH)RUH[DPSOH/RFDWHOOLDQG0DQFLQLDQDO\]HGWKHFDVHVWXGLHVRI
WKH QXFOHDU UHDFWRUV ³2ONLOXRWR ´ DQG ³)ODPDQYLOOH  *UHLPDQ   VWDUWV ZLWK D GHHS
DQDO\VLVRIDVLQJOHPHJDSURMHFW&HQWUDO$UWHU\7XQQHO3URMHFWLQ%RVWRQNQRZQXQRIILFLDOO\
DVWKH%LJ'LJWRJHQHUDOL]HDVHWRIOHVVRQVDQGJXLGHOLQHV7KHPDLQOLPLWDWLRQRIWKHFDVH
VWXG\DSSURDFKLVZLWKLWVHPSKDVLVRQWKHRU\EXLOGLQJUDWKHUWKDQWKHRU\WHVWLQJ 
'HVSLWH WKH VXEVWDQWLDO DPRXQW RI ZRUN DOUHDG\ XQGHUWDNHQ WR XQGHUVWDQG PHJDSURMHFW
EHKDYLRU D OLPLWHG QXPEHU RI DWWHPSWV WR TXDQWLWDWLYHO\ H[SUHVV WKH UHODWLRQVKLSV EHWZHHQ
SURMHFW FKDUDFWHULVWLFV DQG VXFFHVV LQGLFDWRUV ,W LV SDUWLFXODUO\ XQFOHDU RQ KRZ WR XVH WKLV
XQGHUVWDQGLQJ WR EXLOG D SHUIRUPDQFH SUHGLFWLRQ PRGHO IRU PHJDSURMHFWV WKDW ZRXOG EH RI
SDUWLFXODUXVHWRPHJDSURMHFWGHVLJQDQGGHOLYHU\SURIHVVLRQDOV  
0HWKRG 
.H\&KDOOHQJHV 
*LYHQWKHOLPLWDWLRQVRIH[LVWLQJZRUNLQWKLVDUHDWKHDXWKRUVVRXJKWIXUWKHUDSSURDFKHVWKDW
UHODWH PHJDSURMHFWV FKDUDFWHULVWLFV WR WKHLU VXFFHVV LQGLFDWRUV 7KH PDLQ FKDOOHQJHV LQ WKH
SURFHVVRILGHQWLI\LQJVXFKUHODWLRQVKLSVRULJLQDWHIURPWKHFRPSOH[LW\RIPHJDSURMHFWVDQG
WKHVL]HDYDLODELOLW\DQGUHSUHVHQWDWLRQRIWKHGDWDGHVFULELQJWKHP 
7KHFRPSOH[LW\RIPHJDSURMHFWVGXHWRWKHLULQYHVWPHQWVL]HORQJGXUDWLRQWHFKQRORJLFDO
FRPSOH[LW\SROLWLFDODQGVRFLDOHQYLURQPHQWLQFOXGLQJDODUJHQHWZRUNRILQWHUQDODQGH[WHUQDO
VWDNHKROGHUVPHJDSURMHFWVDUHDQH[WUHPHO\FRPSOH[SKHQRPHQRQ,QRUGHUWRXVHVWDWLVWLFVWR
DQDO\]HPHJDSURMHFWVLWLVQHFHVVDU\WRFRSHZLWKWKLVFRPSOH[LW\VSHFLILFDOO\LQWHUPVRIWKH
QXPEHURIFKDUDFWHULVWLFVWKDWDUHEHLQJLQFOXGHG7KHUHGXFWLRQLVPLVGDQJHURXVDVLWFDQPRYH
LQYHVWLJDWRUV DZD\ IURP LGHQWLI\LQJ FRPSOH[ KROLVWLF SKHQRPHQD EXW LW LV QHFHVVDU\ LI
VWDWLVWLFDOVLJQLILFDQFHLVVRXJKWZLWKWKHSUHIHUHQFHIRUPRGHOVLPSOLFLW\(DVWHUE\6PLWKHW
DO 
7KHQDWXUHRIPHJDSURMHFWGDWDFRPSDULQJWRWKHRWKHUW\SHVRISURMHFWVDFURVVGLIIHUHQW
VHFWRUVWKHQXPEHURIPHJDSURMHFWVLVYHU\OLPLWHG0RUHRYHULQIRUPDWLRQVHQVLWLYLW\LVVXHV
FDQDOVRKLJKO\DIIHFWDYDLODELOLW\DQGTXDOLW\RIVSHFLILFPHJDSURMHFWGDWD 
'DWD UHSUHVHQWDWLRQ VXLWDEOH IRU VWDWLVWLFDO DQDO\VLV ZKHQ FRQYHUWLQJ WKH UHDOOLIH
FRPSOH[LW\ RI PHJDSURMHFWV WR D GDWDVHW DPHQDEOH WR VWDWLVWLFDO DQDO\VLV LW LV QHFHVVDU\ WR
LGHQWLI\ WKH ZD\ RI PHDVXULQJ DQG GHVFULELQJ FKDUDFWHULVWLFV LH ³LQGHSHQGHQW YDULDEOHV´
)UHTXHQWO\WKHFRQYHUVLRQSURFHVVDGRSWHGE\UHVHDUFKHUVUHOD\VRQLQWHJHUOLNHUWW\SHVFDOHV
WR UDQN TXDOLWDWLYH YDULDEOHV 7KH DSSOLFDWLRQ RI OLNHUWW\SH VFDOHV FRXOG SRWHQWLDOO\ EH
GLIIHUHQWO\LQWHUSUHWHGE\UHVHDUFKHUVDQGZLGHUSUDFWLWLRQHUDXGLHQFHUDQNLQJWKHFRPSOH[LW\
RIDPHJDSURMHFWRQDVFDOHRIIRUH[DPSOHVHHPHGDVXEMHFWLYHH[HUFLVH ,QDGGLWLRQ
JLYHQ WKH VPDOO VL]H RI DYDLODEOH PHJDSURMHFWV GDWDVHW KLJK GLPHQVLRQDOLW\ RI SURMHFW
FKDUDFWHULVWLFVFRXOGOHDGWRLQDGHTXDWHVWDWLVWLFDOPRGHOVXQDEOHWRFDSWXUHWKHUHODWLRQVKLS
EHWZHHQSURMHFWFKDUDFWHULVWLFVDQGWKHSURMHFWSHUIRUPDQFHFXUVHRIGLPHQVLRQDOLW\,QG\N
DQG 0RWZDQL  &RQVLGHULQJ WKH SUHYLRXVO\ GHILQHG FKDOOHQJHV ZKHQ LGHQWLI\LQJ
VLJQLILFDQWUHODWLRQVKLSVEHWZHHQSURMHFWFKDUDFWHULVWLFVDQGSHUIRUPDQFHWKHDXWKRUVDSSOLHG
DGDWDGULYHQDSSURDFKXVLQJWKHGDWDEDVHSUHVHQWHGLQ%URRNHVDQGDOLVWRISURMHFW
FKDUDFWHULVWLFVSUHVHQWHGLQWKHDSSHQGL[7KHPHWKRGLVEDVHGRQWZRPDFURSKDVHV 
±'DWDFROOHFWLRQDQGSUHSDUDWLRQ 
±'DWDDQDO\VLVXVLQJWKH)LVKHU([DFW7HVW)(7DQG0DFKLQH/HDUQLQJ0/ 
 
'DWDFROOHFWLRQDQGSUHSDUDWLRQ 
'DWDFROOHFWLRQDQGSUHSDUDWLRQFRQVLVWRIFDVHVFROOHFWLRQ	EUDLQVWRUPLQJV\VWHPDWL]DWLRQ	
GHILQLWLRQRISRVVLEOHSURMHFWFKDUDFWHULVWLFV7KHDXWKRUVLGHQWLILHGLQGHSHQGHQWYDULDEOHV
LHSURMHFWFKDUDFWHULVWLFVIRUPHJDSURMHFWVFDVHV 
6WHS±&DVHFROOHFWLRQ 
(DFKFDVHVWXG\LVDPHJDSURMHFWGHOLYHUHGLQWKH(87KHDXWKRUVFROOHFWHGLQIRUPDWLRQDERXW
WKH VSHFLILF FDVH VWXG\ DQG JDLQHG D SUHOLPLQDU\ TXDOLWDWLYH NQRZOHGJH RI WKH IDFWRUV
LQIOXHQFLQJVXFFHVVIXOSURMHFWGHOLYHU\1 
7KHILQDOVDPSOHFRQVLVWVRIFDVHVFOXVWHUHGDVIROORZLQJ 
x WUDQVSRUWPRWRUZD\VUDLOSURMHFWVXUEDQWUDQVSRUWSURMHFWVPHWUROLQHV
DQGWUDPEULGJHVURDGEULGJHVWXQQHOIRUURDGDQGUDLOWUDIILFDLUSRUW 
x HQHUJ\QXFOHDUWKHUPDOZLQGIDUPVVRODUDQG1/*H[WUDFWLQJSODWIRUP 
x K\GURWHFKQLFDOPHJDSURMHFWV0RVHLQ9HQLFHDQG5DFLERU]UHVHUYRLUVLQ3RODQG 
7KHTXDOLWDWLYHGDWDGHVFULELQJWKHVHFDVHVWXGLHVLVDYDLODEOHLQ%URRNHV8&/ 
                                                          
17KH DXWKRUV DFNQRZOHGJH WKH FRQWULEXWLRQ RI VFKRODUV DQG SUDFWLWLRQHUV LQYROYHG LQ WKH ³0HJDSURMHFW FRVW
DFWLRQ´$IXOOOLVWRIWKHSHRSOHLQYROYHGDQGWKHSRUWIROLRRISURMHFWVDQDO\VHGLVDYDLODEOHIURPKWWSZZZPHJD
SURMHFWHX 
6WHS  ± ,GHQWLILFDWLRQ RI SURMHFW FKDUDFWHULVWLFV DV SRVVLEOH GHWHUPLQDQWV RI SURMHFW
PDQDJHPHQWVXFFHVV 
$IWHUWKHFROOHFWLRQRIFDVHVWKHDXWKRUVLGHQWLILHGDODUJHUDQJHRIPHJDSURMHFWFKDUDFWHULVWLFV
WKDW PLJKW EH FRUUHODWHG ZLWK WKH VXFFHVV LQGLFDWRUV 7KH OLVW RI SURMHFW FKDUDFWHULVWLFV DUH
WKHUHIRUHEDVHGRQWKHNQRZOHGJHDFTXLUHGGXULQJWKHFDVHVWXGLHVHODERUDWLRQWKHUHVHDUFKHUV¶
SUHYLRXVNQRZOHGJHDQGWKHOLWHUDWXUHVXPPDUL]HGLQWKH$SSHQGL[ 
 
6WHS±6\VWHPDWL]DWLRQ 
)ROORZLQJ WKH LGHQWLILFDWLRQ SURFHVV WKH DXWKRUV JDWKHUHG WR V\VWHPDWL]H WKH GDWD 7KLV
³FOHDQLQJXS´OHGWR WKHILQDOGHILQLWLRQRISURMHFWFKDUDFWHULVWLFVHJ)LUVW2I$.LQG 
)2$.WXUQNH\FRQWUDFWEHWZHHQ&OLHQWDQG(3&&RQWUDFWRUHWFFOXVWHUHGLQJURXSVVHH
WDEOHWRWDEOHLQWKH$SSHQGL[7KHJURXSVRIFKDUDFWHULVWLFVDUH3URMHFW6WDNHKROGHUV
VXEJURXSV,QWHUQDODQG([WHUQDO3URMHFW(QYLURQPHQW/HJDO6RFLR(FRQRPLFDQG3ROLWLFDO
3URMHFW0DQDJHPHQW7HFKQRORJ\DQG2WKHU 
 
6WHS±'DWDUHSUHVHQWDWLRQ 
,QRUGHUWRGHDOZLWKGDWDFRPSOH[LW\DQGWKHFXUVHRIGLPHQVLRQDOLW\SURMHFWFKDUDFWHULVWLFV
DQG VXFFHVV LQGLFDWRUV ZHUH FRGHG DV ELQDU\ YDOXHV )RU HDFK SURMHFW FKDUDFWHULVWLF WKH
UHVHDUFKHUVGHULYHGGHILQLWLRQVWRDVVLJQXQDPELJXRXVO\WKHYDOXHQRWSUHVHQWSUHVHQW
RU1$IRUQRWDYDLODEOHQRWDSSOLFDEOHVHH$SSHQGL[7KHVDPHDSSOLHGWRWKHWKUHHVXFFHVV
LQGLFDWRUVFRVWRYHUUXQGHOD\GXULQJWKHFRQVWUXFWLRQSKDVHDQGGHOD\GXULQJWKHSODQQLQJ
SKDVHDVGHWDLOHGLQ7DEOH 
 
6WHSV   DQG  ZHUH LWHUDWLYH DQG ZKLOH QHZ SURMHFW FKDUDFWHULVWLFV ZHUH LQFOXGHG RWKHU
GURSSHGRXWDQGWKHGHILQLWLRQVLPSURYHG8VLQJWKHVHGHILQLWLRQVDQGWKHGDWDIURPWKHFDVH
VWXGLHVWHPSODWHVWKHUHVHDUFKHUVGHULYHGDGDWDVHWZLWKWKHSURMHFWVFDVHVGHVFULEHGE\
SURMHFWFKDUDFWHULVWLFVDQGVXFFHVVLQGLFDWRUV 
 3/($6(,16(577$%/(+(5( 
 
$SSOLHGPHWKRGVIRUGDWDDQDO\VLV 
7RSHUIRUPWKHDQDO\VLVRQWKLVGDWDVHWWKHUHLVDOLPLWHGQXPEHURIVXLWDEOHVWDWLVWLFDOWHVWVLQ
SDUWLFXODU WKHFKLVTXDUHG WHVW WKH)(7DQGGLIIHUHQW0/WHFKQLTXHV$FRPPRQWHVWZKHQ
GHDOLQJZLWKODUJHVDPSOHVGHVFULEHGE\FDWHJRULFDOGDWDFRDOSRZHUSODQW1XFOHDU3RZHU
SODQWVRODUSRZHUSODQWHWFLVWKHFKLVTXDUHGWHVW/HDFK+RZHYHUWKHFKLVTXDUHG
WHVWSURYLGHVRQO\DQDSSUR[LPDWLRQRIWKHVLJQLILFDQFHYDOXHZKLFKLVDPDMRUOLPLWDWLRQIRU
UHODWLYHO\VPDOOGDWDVHWVOLNHLQWKHFDVHFRQVLGHUHG7KHUHIRUHVLQFHWKHGDWDLVOLPLWHGLQVL]H
DQGLWLVELQDU\LQLWVQDWXUHWKHDXWKRUVDSSOLHGWKH)(7WRLQYHVWLJDWHSRWHQWLDOUHODWLRQVKLSV
EHWZHHQWKHSUHYLRXVO\GHILQHGLQGHSHQGHQWDQGGHSHQGHQWPHJDSURMHFWYDULDEOHV7KHRWKHU
DSSURDFKZKLFKUHFHQWO\JDLQVLQSRSXODULW\LQSURMHFWPDQDJHPHQWOLWHUDWXUHXVHVGLIIHUHQW0/
WHFKQLTXHVWRHVWDEOLVKSUHGLFWLYHPRGHOVIRUEHKDYLRUDQGRXWFRPHVRISURMHFWVGHVFULEHGE\
LWVFKDUDFWHULVWLFV&KHQJHWDO/HHWDO6RQHWDO:DQJDQG*LEVRQ
:LOOLDPVDQG*RQJ 
0/WHFKQLTXHVHQDEOHULJRURXV³SDWWHUQVSRWWLQJ´DQDO\VLVRIWKHH[LVWLQJDQGUHODWLYHO\VPDOO
GDWDVHWWKDWGLGQRWDOORZWKHDSSOLFDWLRQRIPXOWLYDULDWHVWDWLVWLFDODQDO\VLV$IWHUFRQGXFWLQJ
WKH)(7WKUHHGLIIHUHQW0/FODVVLILHUVDQGWZRIHDWXUHVHOHFWLRQWHFKQLTXHVZHUHDSSOLHG7KHVH
WHFKQLTXHV ZHUH DGRSWHG IRU VPDOO GDWD VHWV WR EXLOG PRGHOV IRU SUHGLFWLRQ RI PHJDSURMHFW
PDQDJHPHQWVXFFHVV 
 
)LVKHU([DFW7HVW 
7KHSXUSRVHRIWKH)(7LV WRDVFHUWDLQZKHWKHURUQRWDQLQGHSHQGHQWYDULDEOHLVFRUUHODWHG
ZLWK WKHSUHVHQFH RU DEVHQFHRI DGHSHQGHQWYDULDEOH /HDFK:LWK UHVSHFW WR WKLV
UHVHDUFKWKH)(7KDVWZRNH\IHDWXUHV6KHVNLQ)LUVWO\WKH)(7PDNHVQRDVVXPSWLRQ
DERXW GLVWULEXWLRQV 7KH )(7 LV D QRQSDUDPHWULFDO VWDWLVWLFDO VLJQLILFDQFH WHVW ,W LV QRW
QHFHVVDU\WRPDNH³DSULRUL´DVVXPSWLRQVRQWKHGDWDGLVWULEXWLRQDQGWKHUHIRUHWKLVW\SHRIWHVW
FDQ KDYH D ZLGH DSSOLFDWLRQ 6HFRQGO\ WKH )(7 XVHV FDWHJRULFDO GDWD LQ WKH IRUP RI D
FRQWLQJHQF\WDEOH7KHWHVWLVXVHGIRUFDWHJRULFDOELQDU\GDWD7KHSUREDELOLW\RIDUHODWLRQVKLS
H[LVWLQJEHWZHHQWKHYDULDEOHVFDQEHFDOFXODWHGH[DFWO\DQGQRWHVWLPDWHGDVLQRWKHUVWDWLVWLFDO
WHFKQLTXHV)XUWKHULQIRUPDWLRQDERXWWKH)(7DQGWKHVWHSVWRDSSO\LWLQWKLVNLQGRIUHVHDUFK
DUHGHWDLOHGLQ%URRNHVDQG/RFDWHOOL 
 
0DFKLQH/HDUQLQJ 
0/EHORQJWRDFRQWLQXXPRIGDWDDQDO\VLV WHFKQLTXHVZKLFKOHDUQIURPXQGHUO\LQJGDWDWR
GHVFULEH VWUXFWXUDO SDWWHUQV H[SODLQ WKH WUHQGV DQG PDNH SUHGLFWLRQV .RKDYL DQG 3URYRVW
 :LWWHQ HW DO  ,Q WKLV UHVHDUFK WKH DXWKRUV IRUPXODWHG WKH SUREOHP RI SURMHFW
PDQDJHPHQWVXFFHVVDVVHVVLQJFRUUHODWLRQVEHWZHHQSURMHFWFKDUDFWHULVWLFVDQGSHUIRUPDQFH
ZKHUHDVHWRIFODVVLILHGH[DPSOHVPHJDSURMHFWFDVHVLVJLYHQDVWKHLQSXWWRD0/WHFKQLTXH
%DVHG RQ WKLV FODVVLILFDWLRQ 0/ WHFKQLTXHV PDS WKH UHODWLRQVKLSV EHWZHHQ SURMHFW
FKDUDFWHULVWLFVDQGVXFFHVVLQGLFDWRUVFODVVHV([DPSOHVDUHUHSUHVHQWHGDVELQDU\YHFWRUVLH
WKH  SURMHFW FKDUDFWHULVWLFV VHH $SSHQGL[ DQG D FODVV ODEHO VXFFHVV LQGLFDWRUV VHH
$SSHQGL[7DEOH DFFRUGLQJ WRZKLFK WKHH[DPSOHVZHUH FODVVLILHG7KHRXWSXWPD\ DOVR
LQFOXGHDQDFWXDOGHVFULSWLRQRIDVWUXFWXUH WKDWFDQEHXVHG WRFODVVLI\XQNQRZQH[DPSOHV
'HVFULSWLRQVFDQEHFRPHIDLUO\FRPSOH[DQGDUHW\SLFDOO\H[SUHVVHGDVVHWVRIUXOHV6LQFHWKHUH
DUHWKUHHVXFFHVVLQGLFDWRUVDGRSWHGIRULQYHVWLJDWLRQLQWKLVUHVHDUFK7DEOHWKHDXWKRUVEXLOW
DVHSDUDWHFODVVLILFDWLRQPRGHOIRUHDFKRIWKHP7KHIUDPHZRUNIRUEXLOGLQJDQGHYDOXDWLQJ
WKHSURSRVHGPRGHOVLVGHVFULEHGLQWKHIROORZLQJVHFWLRQV 
 
7HVWLQJSURWRFRO 
,QRUGHUWRDVVHVVWKHTXDOLW\RIWKHDQDO\VLVRQWKHDYDLODEOHPHJDSURMHFWVGDWDZKLFKHQGV
ZLWKWKHVHOHFWLRQRIWKHPRVWLQIRUPDWLYHFKDUDFWHULVWLFVIRUWKHVSHFLILFVXFFHVVLQGLFDWRUWKH
DXWKRUVSURSRVHGGLIIHUHQWFODVVLILFDWLRQPRGHOVDQGHVWLPDWHGWKHLUSHUIRUPDQFHEDVHGRQWKH
VHOHFWHG FKDUDFWHULVWLFV ZLWK WKH UHDVRQDEOH DVVXPSWLRQ WKDW PRUH LPSRUWDQW SURMHFW
FKDUDFWHULVWLFVOHDGWREHWWHUSUHGLFWLRQDFFXUDF\0RGHOVZHUHHYDOXDWHGRQWHVWGDWDXVLQJWKH
OHDYHRQHRXWSURFHGXUHWKDWPLQLPL]HVWKHQHJDWLYHHIIHFWVRIVPDOOVDPSOHVL]H5HLFKDQG
%DUDL7KHSURFHGXUHLWHUDWLYHO\GLYLGHVWKHGDWDVHWZLWKQH[DPSOHVPHJDSURMHFWFDVHV
LQWRWUDLQLQJQH[DPSOHVDQGWHVWSDUWRQHH[DPSOH,QHDFKLWHUDWLRQWKHWHVWSDUWURWDWHV
WKURXJKRXWWKHGDWDVHWHQDEOLQJWKHPRGHOWREHERWKWUDLQHGDQGWHVWHGRQDOODYDLODEOHGDWD
5HLFKDQG%DUDL$QDJJUHJDWHGFRQIXVLRQPDWUL[ZKLFKDFFXPXODWHVFODVVLILFDWLRQ
UHVXOWV IURP HDFK LWHUDWLRQ LV PDLQWDLQHG DQG IXUWKHU XVHG WR FDOFXODWH VWDQGDUG PRGHO
SHUIRUPDQFH PHDVXUHV LH SUHFLVLRQ UHFDOO IRU HDFK FODVV DQG RYHUDOO DFFXUDF\ DQG )
PHDVXUH:LOOLDPVDQG*RQJ:LWWHQHWDO7KHSUHFLVLRQRIWKHFODVVLILFDWLRQ
PRGHO IRU ³FODVV &´ UHSUHVHQWV WKH SHUFHQWDJH RI H[DPSOHV FODVVLILHG DV & ZKLFK DFWXDOO\
EHORQJVWR&7KHUHFDOOIRU&LVWKHSHUFHQWDJHRIDOOH[DPSOHVIURP&LQWKHWHVWVHWWKDW LV
SUHGLFWHGDV& 
:KHQFRPSDULQJGLIIHUHQWPRGHOVLWLVFRQYHQLHQWWRXVHDVLQJOHPHDVXUHVXFKDVDFFXUDF\
SHUFHQWDJHRIDFFXUDWHO\FODVVLILHGH[DPSOHVLQWKHWHVWVHWRUZHLJKWHG)PHDVXUH7KH)
PHDVXUHKDVEHHQZLGHO\XVHGLQWKHILHOGRI'DWD0LQLQJDQG,QIRUPDWLRQ5HWULHYDO+HHWDO
-DSNRZLF]	6KDK,WLQWHJUDWHVUHFDOODQGSUHFLVLRQLQDVLQJOHLQGLFDWRU:HLJKWHG
)PHDVXUHLVWKHZHLJKWHGVXPRIKDUPRQLFPHDQVEHWZHHQFODVVSUHFLVLRQDQGUHFDOO7KHUH
LV QR XQLILHG VWDQGDUG IRU D WKUHVKROG WR EH XVHG IRU MXGJLQJ ZKHWKHU UHVXOWV RI D SURMHFW
PDQDJHPHQWVXFFHVVSUHGLFWLRQ LVDFFHSWDEOH ,QSDVWVWXGLHVERWKDFFXUDF\DQG)PHDVXUH
HTXDORUDERYHDUHRIWHQFRQVLGHUHGUHDVRQDEO\JRRG+HHWDO7KXQJHWDO
=KDQJHWDO 
 
6HOHFWLRQRIWKHPRVWLQIRUPDWLYHSURMHFWFKDUDFWHULVWLFV 
&RUUHODWLRQ%DVHG)HDWXUH6XEVHW6HOHFWLRQ&)6DQGVHOHFWLRQRISURMHFWFKDUDFWHULVWLFEDVHG
RQ ,QIRUPDWLRQ *DLQ ,* ZHUH DSSOLHG WR ILQG WKH PRVW LQIRUPDWLYH VXEVHWV RI SURMHFW
FKDUDFWHULVWLFIRUSUHGLFWLQJHDFKRIWKHWKUHHFODVVODEHOVLHWKHSURMHFWPDQDJHPHQWVXFFHVV 
&)6LVEDVHGRQWKHK\SRWKHVLVWKDWJRRGIHDWXUHVHWVFRQWDLQIHDWXUHVWKDWDUHKLJKO\FRUUHODWHG
ZLWKWKHFODVV\HWXQFRUUHODWHGZLWKHDFKRWKHU+DOO7KHDOJRULWKPFRXSOHVHYDOXDWLRQ
IRUPXODZLWKDQDSSURSULDWHFRUUHODWLRQPHDVXUHDQGDKHXULVWLFVHDUFKVWUDWHJ\LQRUGHUWRILQG
WKHEHVWVXEVHWRIDYDLODEOHIHDWXUHV2SSRVLWHWR&)6,*FDOFXODWHVWKHVFRUHRIHDFKIHDWXUH
LQGHSHQGHQWO\RIRWKHUIHDWXUHVDQGVHOHFWVWKHWRSQIHDWXUHVIURPWKHVRUWHGVFRUHOLVW7KH
VFRUH LV FDOFXODWHG EDVHG RQ ,* ZKLFK LV WKH H[SHFWHG UHGXFWLRQ LQ HQWURS\ FDXVHG E\
SDUWLWLRQLQJ WKH H[DPSOHV DFFRUGLQJ WR D JLYHQ SURMHFW FKDUDFWHULVWLF 4XLQODQ  7KH
HQWURS\FKDUDFWHUL]HVWKHLPSXULW\RIDQDUELWUDU\FROOHFWLRQRIH[DPSOHVZLWKUHVSHFWWRWKHLU
FODVV:KLOHLQWKHFDVHRI&)6WKHQXPEHURIVHOHFWHGSURMHFWFKDUDFWHULVWLFVLVGHWHUPLQHGE\
WKH SURGXFHG PRVW LQIRUPDWLYH VXEVHW LQ WKLV UHVHDUFK WRS  PRVW LQIRUPDWLYH SURMHFW
FKDUDFWHULVWLFVE\,*ZHUHVHOHFWHG 
 
$SSOLHGOHDUQLQJPHWKRGV 
7KUHH GLIIHUHQW OHDUQLQJ PHWKRGV 'HFLVLRQ WUHH '7 1DLYH %D\HV 1% DQG /RJLVWLF
5HJUHVVLRQ/5ZHUHWUDLQHGRQWKHDYDLODEOHSURMHFWFKDUDFWHULVWLFV'7LVDQRQSDUDPHWULF
OHDUQLQJPHWKRGXVHGIRUFODVVLILFDWLRQDQGUHJUHVVLRQ0LWFKHO7KHJRDOLVWREXLOGD
WUHH IURPDYDLODEOHGDWDZKHUH LQHDFKQRGH DQH[DPSOH LV WHVWHGDJDLQVW WKHYDOXHRI WKH
SURMHFWFKDUDFWHULVWLFDVVRFLDWHGZLWKWKHQRGH'HSHQGLQJRQWKHWHVWUHVXOW WKHH[DPSOHLV
IRUZDUGHGGRZQWKH WUHHXQWLO LW UHDFKHV WKH OHDIQRGHZLWK WKHDSSURSULDWHFODVV ODEHO7KH
VHOHFWLRQRIWKHFKDUDFWHULVWLFVDVVRFLDWHGZLWKWKHQRGHVLVFRQGXFWHGXVLQJ,*E\SODFLQJWKH
PRVWLQIRUPDWLYHFKDUDFWHULVWLFVDWWKHURRWQRGH7KHSURFHGXUHLVUHFXUVLYHO\UHSHDWHGXQWLO
DOOQRGHVDUHLQVHUWHGLQWRWKHWUHH:KHQEXLOW'7LVLQWHUSUHWDEOHE\KXPDQH[SHUWVVLQFHLW
SURYLGHVUXOHVIRUFODVVLILFDWLRQLQWKHIRUPRIDVHTXHQFHRILIWKHQFODXVHVHDFKEUDQFKIURP
URRWWRDOHDIQRGHLVDFRQMXQFWLRQRIFKDUDFWHULVWLFVWHVWV 
1% LV D SUREDELOLVWLF FODVVLILHU ZKLFK DVVXPHV WKH PXWXDO LQGHSHQGHQFH EHWZHHQ WKH
FKDUDFWHULVWLFVJLYHQDFODVVRIDQH[DPSOH<XQDQG&DOGDV,WVHOHFWVWKHFODVVZLWKWKH
PD[LPXPSRVWHULRUSUREDELOLW\JLYHQDQH[DPSOHUHSUHVHQWHGZLWKLWVFKDUDFWHULVWLFVE\XVLQJ
WKH %D\HV WKHRUHP 7KH FODVVLILHU LV HDV\ WR LPSOHPHQW EXW LW LV GHSHQGHQW RQ FODVV SULRU
SUREDELOLWLHV±WHQGVWRFODVVLI\WRZDUGVFODVVHVWKDWRFFXUPRUHIUHTXHQWO\LQWUDLQLQJGDWD/5
LVDW\SHRISUREDELOLVWLFVWDWLVWLFDOFODVVLILFDWLRQPRGHOXVHGWRSUHGLFWWKHFODVVEDVHGRQRQH
RU PRUH FKDUDFWHULVWLFV ZKLFK DUH XVXDOO\ EXW QRW QHFHVVDULO\ FRQWLQXRXV ,W PHDVXUHV WKH
UHODWLRQVKLSEHWZHHQWKHFODVVDQGWKHLQGHSHQGHQWFKDUDFWHULVWLFVE\XVLQJSUREDELOLW\VFRUHV
RIWKHSUHGLFWHGYDOXHVRIWKHFODVV+DLUHWDO  
5HVXOWV 
)RU0/WKHTXDOLW\RIWKHSUHGLFWLRQPRGHOVLVSUHVHQWHGWKURXJK³DFFXUDF\´DQG³)PHDVXUH´
IRU WKUHH VXFFHVV LQGLFDWRUV )RU HDFK VXFFHVV LQGLFDWRUV WKH DXWKRUV XVHG WKUHH OHDUQLQJ
WHFKQLTXHV'71%/5DQGWKUHHFKDUDFWHULVWLFVVHOHFWLRQWHFKQLTXHVDOOFKDUDFWHULVWLFV&)6
DQG,*7KHUHVXOWVREWDLQHGIURP0/WRROVDSSOLFDWLRQDUHJLYHQLQ7DEOH$VSUHYLRXVO\
VWDWHGERWKDFFXUDF\DQG)PHDVXUHYDOXHHTXDORUDERYHDUHFRQVLGHUHGUHDVRQDEO\JRRG 
 
3/($6(,16(577$%/(+(5( 
 
7KHEHVWSHUIRUPLQJPRGHOVDUH 
x )RU FRVW RYHUUXQ ± /5 ZLWK ,* $FFXUDF\  )PHDVXUH  VOLJKWO\ KLJKHU )
PHDVXUHWKDQ/5ZLWK&)6 
x )RUGHOD\LQFRQVWUXFWLRQ±/5ZLWK&)6$FFXUDF\)PHDVXUH 
x )RUGHOD\LQSODQQLQJ±'7ZLWK&)6$FFXUDF\)PHDVXUH 
5HVXOWVVKRZWKDWWKHEHVWSHUIRUPLQJPRGHOVDUH/5DQG'7ZKLFKDOORZLGHQWLILFDWLRQRIWKH
PRVW LQIRUPDWLYH SURMHFW FKDUDFWHULVWLFV GXH WR WKHLU H[SUHVVLYH SRZHU 7KH SUHGLFWLRQ
SHUIRUPDQFH RI WKH PDMRULW\ RI PRGHOV LPSURYHV ZKHQ WKH WHFKQLTXHV IRU WKH VHOHFWLRQ RI
FKDUDFWHULVWLFVDUHDSSOLHGLQGLFDWLQJWKDWPDQ\PHJDSURMHFWFKDUDFWHULVWLFVWDNHQLQWRDFFRXQW
ZLWKWKHDYDLODEOHGDWDDUHQRWVXIILFLHQWO\LQIRUPDWLYH7DEOHVKRZVWKHPRVWLQIRUPDWLYH
VXEVHWVRISURMHFWFKDUDFWHULVWLFVFRUUHODWHGWRFRVWRYHUUXQGHOD\VLQFRQVWUXFWLRQDQGGHOD\V
LQWKHSODQQLQJSKDVHRIPHJDSURMHFWVZLWKLQWKHH[LVWLQJGDWDVHW 
7KHPRVWLQIRUPDWLYHSURMHFWFKDUDFWHULVWLFVIRU0/KDYHDQ³;´LQGLFDWLRQLUUHVSHFWLYHO\RI
KDYLQJDSRVLWLYHRUQHJDWLYHLQIOXHQFHRQPHJDSURMHFWRXWFRPH5HJDUGLQJWKH)(7UHVXOWV
7DEOHSUHVHQWVWKHSYDOXHDQGWKHW\SHRIFRUUHODWLRQ3OXVDUHSURMHFWFKDUDFWHULVWLFVWKDW
LIH[LVWLQJDUHVXSSRUWLYHLHLQIOXHQFHSRVLWLYHO\WKHSURMHFWRXWFRPH0LQXVDUHSURMHFW
FKDUDFWHULVWLFVWKDW LIH[LVWLQJDUHDQWDJRQLVW LHQHJDWLYHO\LQIOXHQFHWKHSURMHFWRXWFRPH
7KHUHVXOWV WKHUHIRUH UHSUHVHQW WKHFRUUHODWLRQEHWZHHQ WKH LQGLYLGXDOSURMHFWFKDUDFWHULVWLFV
DQGWKHVXFFHVVLQGLFDWRUV 
5HJDUGLQJ0/IRUHDFKVXFFHVVLQGLFDWRUWKHUHLVDVPDOOVXEVHWRIFKDUDFWHULVWLFVLGHQWLILHGDV
WKHPRVWLQIRUPDWLYHIRUWKHSUHGLFWLRQRIPHJDSURMHFWV¶VXFFHVV)RUFRVWRYHUUXQWKHVHPRVWO\
FRPH IURP WKH FDWHJRULHV 3URMHFW (QYLURQPHQW /HJDO DQG 6RFLR(FRQRPLF DQG
7HFKQRORJLFDO$VSHFWV RI WKH 3URMHFW +DOI RI WKH PRVW LQIRUPDWLYH FKDUDFWHULVWLFV IRU ERWK
'HOD\LQ&RQVWUXFWLRQDQG3ODQQLQJDOVRIDOOLQWKHFDWHJRU\7HFKQRORJLFDO$VSHFWV7KHVHDUH
ILUVWO\UHODWHGWRWKHFRPSOH[LW\RIPHJDSURMHFWVVLQFHWKH\DUHRIWHQILUVWRIDNLQGLQDFRXQWU\
FKDUDFWHULVWLF7 DQGFKDOOHQJLQJGXH WR WKH VHFWRU VSHFLILF UHTXLUHPHQWV VXFKDV QXFOHDU
SURMHFWV FKDUDFWHULVWLF 7 RU ORFDWLRQ VXFK DV RIIVKRUH SURMHFWV FKDUDFWHULVWLFV 7 )RU
LQVWDQFH DFFRUGLQJ WR 0/ PRGXODULW\ ZKHQ GHVLJQLQJ DQG EXLOGLQJ 0HJDSURMHFWV
FKDUDFWHULVWLF7KHOSVWRSUHYHQWGHOD\VLQWKH0HJDSURMHFWSODQQLQJSKDVH+RZHYHUWKH
GHSHQGHQF\RIPRGXOHVUHVXOWVWREHFRUUHODWHGWRGHOD\VLQFRQVWUXFWLRQFKDUDFWHULVWLF7 
,QWKHUHVXOWVRI)(7SURMHFWFKDUDFWHULVWLFVIURPWKHFDWHJRU\6WDNHKROGHUVKDYHWKHORZHVWS
YDOXHLHWKHVWURQJHUFRUUHODWLRQZLWKVXFFHVVLQGLFDWRUV7KH³OLWLJDWLRQEHWZHHQFOLHQWDQG
(3&´DQG³WKHSUHVHQFHRIDQ63(´6SHFLDO3XUSRVH(QWLW\DUH WKHSURMHFWFKDUDFWHULVWLFV
FRUUHODWHGZLWKDOOWKUHHVXFFHVVLQGLFDWRUV 
,QVXPPDU\RXWRISURMHFWFKDUDFWHULVWLFVRQO\KDYHEHHQUHFRJQL]HGDVFRUUHODWHGZLWK
WKHPHJDSURMHFWPDQDJHPHQWVXFFHVVE\ERWK0/DQG)(75HJDUGLQJWKHFRVWRYHUUXQWKHUH
DUHWKUHHSURMHFWFKDUDFWHULVWLFVLGHQWLILHGERWKE\0/DQG)(7³(QYLURQPHQWDOJURXSVKDYH
EHHQHQJDJHGH[DQWHQRWH[SRVW´³7KHSURMHFWKDVDVWURQJUHJXODWLRQV\VWHP´DQG³7KH
SURMHFW LV QXFOHDU UHDFWRU´. 7KHVH SURYH WKDW WKH UROH RI H[WHUQDO VWDNHKROGHUV LV H[WUHPHO\
UHOHYDQWLQGHHGDFWLRQVIURPHQYLURQPHQWDOJURXSVWKHUHJXODWLRQV\VWHPDQGDJHQFLHVDQG
QDWLRQDOJRYHUQPHQWDUHVWURQJO\FRUUHODWHGZLWKWKHFRVWRYHUUXQSHUIRUPDQFH7KH³SK\VLFDO
FKDUDFWHULVWLFV´DUHQRWFRUUHODWHGXQOHVVWKHSURMHFWLVDQXFOHDUUHDFWRUDOOWKHQXFOHDUUHDFWRUV
XQGHUFRQVWUXFWLRQLQ(XURSHDUHFRVWRYHUUXQDQGODWH 
5HJDUGLQJWKHGHOD\LQFRQVWUXFWLRQWKHPRVWFRUUHODWHGFKDUDFWHULVWLFVLGHQWLILHGE\ERWK0/
DQG)(7DUH³7KHSURMHFWKDVQDWLRQDOSXEOLFDFFHSWDELOLW\´³7KHUHLVSODQQHGDORQJWHUP
VWDELOLW\ LQ XVDJH DQG YDOXH´ ³7KHUH ZDV D IRUPDO OLWLJDWLRQ SURFHGXUH GXULQJ WKH FRQWUDFW
EHWZHHQ&OLHQWDQG(3&´³2IIVKRUHSURMHFW´DQG³7KHSURMHFWKDVDQ63(´7KH\DUHDJDLQ
PRVWO\UHODWHGWRWKHSURMHFWVWDNHKROGHUVSXEOLFDFFHSWDELOLW\WKHFRQWUDFWXDOUHODWLRQEHWZHHQ
&OLHQWDQGD&RQWUDFWRUDQGWKHH[LVWHQFHRIDQ63(,QWHUHVWLQJO\³7KHSURMHFWKDVDQ63(´LV
DPRQJWKHPRVWUHOHYDQWYDULDEOHVERWKIRU'HOD\LQ&RQVWUXFWLRQDQG'HOD\LQ3ODQQLQJ63(
DUHIHQFHGRUJDQL]DWLRQKDYLQJOLPLWHGSUHGHILQHGSXUSRVHVDQGDOHJDOH[LVWHQFH6DLQDWLHW
DO 7KH\ UHTXLUH D ORQJ GXH GLOLJHQFH SURFHVV RIWHQ GHOD\LQJ WKH EHJLQQLQJ RI WKH
SURMHFWEXWWKHQKHOSWRNHHSWKHSURMHFWRQVFKHGXOH 
5HJDUGLQJWKHGHOD\LQSODQQLQJIRXUSURMHFWFKDUDFWHULVWLFVDUHLGHQWLILHGDVFRUUHODWHGE\ERWK
0/7DQG)(7³7KHSURMHFWKDVDVWURQJUHJXODWLRQV\VWHP´³)2$.ZHDN±FRXQWU\OHYHO´
DQG ³7KH SURMHFW KDV DQ 63(´ 7KH NH\ UHVXOWV VKRZ WKDW WKH UHJXODWRU\ V\VWHP DQG WKH
UHJXODWLRQVKDYHWKHVWURQJHVWFRUUHODWLRQZLWKWKHGHOD\LQWKHSODQQLQJSKDVHRIDPHJDSURMHFW
$OVR WKH )2$. LQ D WHFKQRORJLFDO VHQVH DQG WKH XVDJH RI DQ 63( LV FRUUHODWHG ZLWK WKLV
RXWFRPH 2QO\RQHRXWRISURMHFWFKDUDFWHULVWLFV IURP WKH3URMHFW0DQDJHPHQWFDWHJRU\
WDEOHKDVEHHQLGHQWLILHGDVLPSRUWDQWE\HLWKHU0/RU)(7³7KHUHZDVDIRUPDOOLWLJDWLRQ
SURFHGXUHGXULQJWKHFRQWUDFWEHWZHHQ&OLHQWDQG(3&´+RZHYHUWKHVPDOOVDPSOHRIGDWD
DERXWWKHVHFKDUDFWHULVWLFVPLJKWKLGHH[LVWLQJFRUUHODWLRQV 
7DEOHSUHVHQWVWKHRYHUDOOUHVXOWV 
 
3/($6(,16(577$%/(+(5(  
/LPLWDWLRQVDQGFKDOOHQJHVLQSUDFWLFDODSSOLFDWLRQ 
,QWKLVUHVHDUFKWKHIROORZLQJOLPLWDWLRQVRIERWK)(7DQG0/PHWKRGVZHUHLGHQWLILHG 
(1) )(7DQG0/PRGHOVUHTXLUHDUHSUHVHQWDWLYHGDWDVDPSOHKDUGWRFROOHFWLQWKHFRQWH[WRI
0HJDSURMHFWV ,Q WKLV UHVHDUFK VSHFLDO DWWHQWLRQ KDV EHHQ PDGH WR WKH SURFHVVHV RI
FROOHFWLQJ UHOHYDQW SURMHFW FDVHV DQG WKHLU SUHSDUDWLRQ VHH WKH IRXU VWHSV LQ WKH VHFWLRQ
³'DWDFROOHFWLRQDQGSUHSDUDWLRQ´ 
(2) 3URMHFWVFKDUDFWHULVWLFVZHUHUHSUHVHQWHGLQWKHIRUPRIELQDU\<(612DWWULEXWHVOHDGLQJ
WRWKHORVVRILQIRUPDWLRQ7KHSURSRVHGUHSUHVHQWDWLRQZDVQHHGHGGXHWRWKHQDWXUHRIWKH
)(7&RQFHUQLQJWKHDSSOLHG0/WHFKQLTXHVDQGWKHHIIHFWVRIWKHFXUVHRIGLPHQVLRQDOLW\
7KH FKDUDFWHULVWLFV FRXOG EH PRGHOHG ZLWK PXOWLYDOXHG DWWULEXWHV RQFH WKH QXPEHU RI
SURMHFWFDVHVLQWKHDYDLODEOHGDWDEDVHLQFUHDVHV 
 
6SHFLILFOLPLWDWLRQVUHJDUGLQJ)(7DUH 
(1) 'XHWRWKHDYDLODELOLW\RIDVPDOOVDPSOHVL]HSRVVLEOHFRUUHODWLRQVEHWZHHQSURMHFWVXFFHVV
LQGLFDWRUVDQGFKDUDFWHULVWLFVFRXOGEHFRQVLGHUHGQRWVLJQLILFDQWEHFDXVHWKHSYDOXHLVQRW
ORZHUWKDQDFHUWDLQWKUHVKROG7KHUHIRUHWKHVHFRUUHODWLRQVDUHGLVUHJDUGHGOHDGLQJWRD
W\SH,,HUURU$7\SH,,HUURULVFRPPLWWHGZKHQZHIDLOWREHOLHYHDWUXWK/HDFK 
(2) 7KHWHVWRQO\FRQVLGHUVWKHFRUUHODWLRQVEHWZHHQDVLQJOHSURMHFWFKDUDFWHULVWLFDQGDSURMHFW
PDQDJHPHQWVXFFHVVLHFKDUDFWHULVWLF&FRUUHODWHGZLWKSHUIRUPDQFH37KLVGRHVQRW
DOORZ WR XQYHLO FRUUHODWLRQV GXH WR PXOWLSOH SURMHFW FKDUDFWHULVWLFV LH VLPXOWDQHRXV
RFFXUUHQFHRI&DQG&FRUUHODWHGZLWK3 
 
2SSRVLWHWR)(70/FDQEHXVHGWRDVVHVVLIDJURXSRISURMHFWFKDUDFWHULVWLFVLVFRUUHODWHG
ZLWK WKH VXFFHVV FULWHULD SURMHFW FKDUDFWHULVWLFV XVHG WR WUDLQ PRUH SHUIRUPDQW SUHGLFWLRQ
PRGHOV DUH OLNHO\ WR EH PRUH FRUUHODWHG ZLWK SURMHFW PDQDJHPHQW VXFFHVV +RZHYHU 0/
FDQQRWEHJHQHUDOL]HGZHOOIURPVPDOOGDWDVHWV7KHUHIRUH WKHDSSOLHGSURWRFROVIRUPRGHO
EXLOGLQJDQGYDOLGDWLRQZHUHDGDSWHGWRPLQLPL]HWKHHIIHFWVRIWKHORZQXPEHURIDYDLODEOH
GDWD 
:KHQFRPSDULQJ WKHSRVVLEOHDSSOLFDWLRQRI0/ WR)(7 LQDQ(3&FRPSDQ\0/ UHTXLUHV
VXEVWDQWLDOO\PRUHH[SHUWHIIRUWDQGNQRZOHGJH7KHUHVXOWVRIERWKPHWKRGVUHTXLUHH[SHUW
LQWHUSUHWDWLRQDQGYDOLGDWLRQ+RZHYHURXUILQGLQJVVKRZWKDWEHVWSHUIRUPLQJ0/PHWKRGV
/5'7DUHLQWHUSUHWDEOHE\KXPDQLQVSHFWLRQDVRSSRVHGWRRWKHU0/EODFNER[PHWKRGV
VXFKDV1HXUDO1HWZRUNV 
 
7KH)(7FDQEHLPSOHPHQWHGLQDUHJXODUH[FHOVSUHDGVKHHWRUHYHQH[HFXWHGIURPVHYHUDOIUHH
ZHEVLWHV 7KH H[HFXWLRQ RI 0/ LV PRUH FKDOOHQJLQJ 7KH SURSRVHG 0/ H[SHULPHQWV ZHUH
FRQGXFWHGXVLQJRSHQVRXUFH:HNDSDFNDJH LVVXHGXQGHU WKH*18*HQHUDO3XEOLF/LFHQVH
0/*$782::HNDLVDFROOHFWLRQRI0/DOJRULWKPVIRUGDWDPLQLQJWDVNV,QRUGHU
WRFRQGXFWWUDLQLQJDQGWHVWLQJSURWRFROVVXLWDEOHIRUVPDOOGDWDVHWVZHQHHGHGWRDGDSW:HND
DFFRUGLQJO\ 
 
 
 
  
&RQFOXVLRQV 
0HJDSURMHFWVDUHODUJHXQLTXHDQGFRPSOH[SURMHFWV7KHLUXQLTXHQHVVDQGFRPSOH[LW\DUHGXH
WR WKHLU SK\VLFDO HOHPHQWV DQG WKH G\QDPLF QHWZRUN RI WKH VWDNHKROGHUV LQYROYHG
&RQVHTXHQWO\LWLVFKDOOHQJLQJWRVHWXSD³OHVVRQVOHDUQHGV\VWHP´1HYHUWKHOHVVWKHUHDUH
SURMHFWFKDUDFWHULVWLFVHJW\SHVRIFRQWUDFWVILQDQFLQJVFKHPHVWHFKQRORJLFDOFKRLFHVWKDW
DUHTXLWHVWDQGDUG%\ LQYHVWLJDWLQJ WKHVHFKDUDFWHULVWLFV LW LVSRVVLEOH WRGLVFRYHUFRPPRQ
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ŚŽŝ ?^ ? ?:ƵŶ ? ? ?,ǁĂŶŐ ?/ ? ?^ƚĂƌǌ ? ? ?DĂǌŽƵƌ ?d ? ?ŚĂŶŐ ?^ ?ĂŶĚƵƌŬĂƌƚ ? ?Z ? ? ? ? ? ? ) ? “&ŽƵƌƚĞĞŶůĞƐƐŽŶƐ
ůĞĂƌŶĞĚĨƌŽŵƚŚĞƐƵĐĐĞƐƐĨƵůŶƵĐůĞĂƌƉŽǁĞƌƉƌŽŐƌĂŵŽĨƚŚĞZĞƉƵďůŝĐŽĨ<ŽƌĞĂ ? ?ŶĞƌŐǇWŽůŝĐǇ ?sŽů ?
 ? ?EŽ ? ? ? ?ƉƉ ? ? ? ? ? W ? ? ? ? ? 
ĂǀŝĚ ? W ? ? ĂŶĚ ZŽƚŚǁĞůů ? ' ?^ ?  ? ? ? ? ? ) ?  “^ƚĂŶĚĂƌĚŝǌĂƚŝŽŶ ? ŝǀĞƌƐŝƚǇ Ă Ě ůĞĂƌŶŝŶŐ P ^ƚƌĂƚĞŐŝĞƐ ĨŽƌ ƚŚĞ
ĐŽĞǀŽůƵƚŝŽŶ ŽĨ ƚĞĐŚŶŽůŽŐǇ ĂŶĚ ŝŶĚƵƐƚƌŝĂů ĐĂƉĂĐŝƚǇ ? ?/ŶƚĞƌŶĂƚŝŽŶĂů :ŽƵƌŶĂů ŽĨ /ŶĚƵƐƚƌŝĂů
KƌŐĂŶŝǌĂƚŝŽŶ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ? ? ? ? W ? ? ? ?
ĂǀŝƐ ?< ? ? ? ? ? ? ) ? “ŝĨĨĞƌĞŶƚƐƚĂŬĞŚŽůĚĞƌŐƌŽƵƉƐĂŶĚƚŚĞŝƌƉĞƌĐĞƉƚŝŽŶƐŽĨƉƌŽũĞĐƚƐƵĐĐĞƐƐ ? ?/ŶƚĞƌŶĂƚŝŽŶĂů
:ŽƵƌŶĂůŽĨWƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚ ?ůƐĞǀŝĞƌ>ƚĚĂŶĚ/WD ?sŽů ? ? ?EŽ ? ? ?ƉƉ ? ? ? ? W ? ? ? ? 
ŝŵŝƚƌŝŽƵ ?, ?d ? ?tĂƌĚ ? ?: ?ĂŶĚtƌŝŐŚƚ ?W ?' ? ? ? ? ? ? ) ? “DĞŐĂƚƌĂŶƐƉŽƌƚƉƌŽũĞĐƚƐ ?ďĞǇŽŶĚƚŚĞ ‘ŝƌŽŶƚƌŝĂŶŐůĞ ? P
ĨŝŶĚŝŶŐƐĨƌŽŵƚŚĞKD'ƌĞƐĞĂƌĐŚƉƌŽŐƌĂŵŵĞ ? ?WƌŽŐƌĞƐƐŝŶWůĂŶŶŝŶŐ ?ůƐĞǀŝĞƌ>ƚĚ ?sŽů ? ? ? ?ƉƉ ?
 ? W ? ? ? 
ƌĂǌŬŝĞǁŝĐǌ ?  ? ? ŚĂůůŝĞƐ ?  ? ĂŶĚ EĞǁŝŐ ? : ?  ? ? ? ? ? ) ?  “WƵďůŝĐ ƉĂƌƚŝĐŝƉĂƚŝŽŶ ĂŶĚ ůŽĐĂů ĞŶǀŝƌŽŶŵĞŶƚĂů
ƉůĂŶŶŝŶŐ PdĞƐƚŝŶŐ ĨĂĐƚŽƌƐ ŝŶĨůƵĞŶĐŝŶŐĚĞĐŝƐŝŽŶƋƵĂůŝƚǇĂŶĚ ŝŵƉůĞŵĞŶƚĂƚŝŽŶ ŝŶ ĨŽƵƌĐĂƐĞ ƐƚƵĚŝĞƐ
ĨƌŽŵ'ĞƌŵĂŶǇ ? ?>ĂŶĚhƐĞWŽůŝĐǇ ?sŽů ? ? ? ?ƉƉ ? ? ? ? W ? ? ? ?
ĂƐƚĞƌďǇ ?^ŵŝƚŚ ?D ? ?dŚŽƌƉĞ ?Z ?ĂŶĚ:ĂĐŬƐŽŶ ?W ? ? ? ? ? ? ) ?DĂŶĂŐĞŵĞŶƚZĞƐĞĂƌĐŚ ?^'WƵďůŝĐĂƚŝŽŶƐ ? 
ŝƐĞŶŚĂƌĚƚ ?< ?D ? ? ? ? ? ? ) ? “ƵŝůĚŝŶŐdŚĞŽƌŝĞƐĨƌŽŵĂƐĞ^ƚƵĚǇZĞƐĞĂƌĐŚ ? ?dŚĞĐĂĚĞŵǇŽĨDĂŶĂŐĞŵĞŶƚ
ZĞǀŝĞǁ ?sŽů ? ? ?EŽ ? ? ?Ɖ ? ? ? ? ? 
ǀĞƌƐ ? ?ĂŶĚĚĞsƌŝĞƐ ?: ? ? ? ? ? ? ) ? “ǆƉůĂŝŶŝŶŐ'ŽǀĞƌŶĂŶĐĞŝŶ&ŝǀĞDĞŐĂ ?ŝƚǇZĞŐŝŽŶƐ PZĞƚŚŝŶŬŝŶŐƚŚĞZŽůĞ
ŽĨ,ŝĞƌĂƌĐŚǇĂŶĚ'ŽǀĞƌŶŵĞŶƚ ? ?ƵƌŽƉĞĂŶWůĂŶŶŝŶŐ^ƚƵĚŝĞƐ ?ZŽƵƚůĞĚŐĞ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ?  ? ? ? W
 ? ? ? ? 
&ůǇǀďũĞƌŐ ?  ?  ? ? ? ? ? ) ?  “&ƌŽŵ EŽďĞů WƌŝǌĞ ƚŽ ƉƌŽũĞĐƚ ŵĂŶĂŐĞ ĞŶƚ P 'ĞƚƚŝŶŐ ƌŝƐŬƐ ƌŝŐŚƚ ? ?WƌŽũĞĐƚ
DĂŶĂŐĞŵĞŶƚ:ŽƵƌŶĂů ?sŽů ? ? ?EŽ ? ? ?ƉƉ ? ? W ? ? ? 
&ůǇǀďũĞƌŐ ?  ? ? ƌƵǌĞůŝƵƐ ? E ? ĂŶĚ ZŽƚŚĞŶŐĂƚƚĞƌ ? t ?  ? ? ? ? ? ) DĞŐĂƉƌŽũĞĐƚƐ ĂŶĚ ZŝƐŬ P Ŷ ŶĂƚŽŵǇ ŽĨ
ŵďŝƚŝŽŶ ?ĂŵďƌŝĚŐĞhŶŝǀĞƌƐŝƚǇWƌĞƐƐ ? 
&ůǇǀďũĞƌŐ ?  ? ? ,ŽŶ ?  ? ĂŶĚ &ŽŬ ? t ?, ?  ? ? ? ? ? ) ?  “ZĞĨĞƌĞŶĐĞ ĐůĂƐƐ ĨŽƌĞĐĂƐƚŝŶŐ ĨŽƌ ,ŽŶŐ <ŽŶŐ ?Ɛ ŵĂũŽƌ
ƌŽĂĚǁŽƌŬƐƉƌŽũĞĐƚƐ ? ?WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞ/ŶƐƚŝƚƵƚŝŽŶŽĨŝǀŝůŶŐŝŶĞĞƌƐ ?ŝǀŝůŶŐŝŶĞĞƌŝŶŐ ?dŚŽŵĂƐ
dĞůĨŽƌĚ>ƚĚ ?sŽů ? ? ? ?EŽ ? ? ?ƉƉ ? ? ? W ?  ? 
'ĞŶƵƐ ? ? ? ? ? ? ? ) ? “DĂŶĂŐŝŶŐůĂƌŐĞ ?ƐĐĂůĞƚĞĐŚŶŽůŽŐǇĂŶĚŝŶƚĞƌ ?ŽƌŐĂŶŝǌĂƚŝŽŶĂůƌĞůĂƚŝŽŶƐ PdŚĞĐĂƐĞŽĨƚŚĞ
ŚĂŶŶĞůdƵŶŶĞů ? ?ZĞƐĞĂƌĐŚWŽůŝĐǇ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ?  ? ?W ? ? ? ? 
'ŽůŝŶŝ ?Z ? ?<ĂůĐŚƐĐŚŵŝĚƚ ?D ?ĂŶĚ>ĂŶĚŽŶŝ ?W ? ? ? ? ? ? ) ? “ĚŽƉƚŝŽŶŽĨ ƉƌŽũĞĐƚŵĂŶĂŐĞŵĞŶƚƉƌĂĐƚŝĐĞƐ PdŚĞ
ŝŵƉĂĐƚŽŶŝŶƚĞƌŶĂƚŝŽŶĂůĚĞǀĞůŽƉŵĞŶƚƉƌŽũĞĐƚƐŽĨŶŽŶ ?ŐŽǀĞƌŶŵĞŶƚĂůŽƌŐĂŶŝǌĂƚŝŽŶƐ ? ?/ŶƚĞƌŶĂƚŝŽŶĂů
:ŽƵƌŶĂůŽĨWƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚ ?ůƐĞǀŝĞƌ>ƚĚ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ? ? ? ? W ? ? ? ? 
'ƌĞĐŽ ?D ? ?>ŽĐĂƚĞůůŝ ?' ?ĂŶĚ>ŝƐŝ ?^ ? ? ? ? ? ? ) ? “KƉĞŶŝŶŶŽǀĂƚŝŽŶŝŶƚŚĞƉŽǁĞƌ ?ĞŶĞƌŐǇƐĞĐƚŽƌ PƌŝŶŐŝŶŐ
ƚŽŐĞƚŚĞƌŐŽǀĞƌŶŵĞŶƚƉŽůŝĐŝĞƐ ?ĐŽŵƉĂŶŝĞƐ ?ŝŶƚĞƌĞƐƚƐ ?ĂŶĚĂĐĂĚĞŵŝĐĞƐƐĞŶĐĞ ? ?ŶĞƌŐǇWŽůŝĐǇ ?sŽů ?
 ? ? ? ?ƉƉ ? ? ? ? W ? ? ? ?
'ƌĞŝŵĂŶ ?s ? ? ? ? ? ? ? ) ?DĞŐĂƉƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚ P>ĞƐƐŽŶƐŽŶZŝƐŬĂŶĚWƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚĨƌŽŵƚŚĞ
ŝŐŝŐ ?:ŽŚŶtŝůĞǇ ? ? ?^ŽŶƐ ? 
'ƵŶĂƚŚŝůĂŬĂ ?^ ? ?dƵƵůŝ ?D ?D ?ĂŶĚĂŝŶƚǇ ? ?Z ?: ? ? ? ? ? ? ) ? “ƌŝƚŝĐĂůŶĂůǇƐŝƐŽĨZĞƐĞĂƌĐŚŽŶWƌŽũĞĐƚ^ƵĐĐĞƐƐ
ŝŶŽŶƐƚƌƵĐƚŝŽŶDĂŶĂŐĞŵĞŶƚ:ŽƵƌŶĂůƐ ? ?WƌŽĐĞĞĚŝŶŐƐ ? ?ƚŚŶŶƵĂůZKDŽŶĨĞƌĞŶĐĞ ?EŽ ? ? ? ?
^ĞƉƚĞŵďĞƌ ? ? ? ? ?ƉƉ ? ? ? ? W ? ? ? ? 
,Ăŝƌ ?: ?& ?: ? ?ůĂĐŬ ?t ? ? ?ĂďŝŶ ? ?: ?ĂŶĚŶĚĞƌƐŽŶ ?Z ? ? ? ? ? ? ? ) ?DƵůƚŝǀĂƌŝĂƚĞĂƚĂŶĂůǇƐŝƐ ? ?ƚŚ ?ĞĚŝƚĞĚďǇ
WƌĞŶƚŝŶĐĞ,Ăůů ? 
,Ăůů ?D ? ? ? ? ? ? ? ) ?ŽƌƌĞůĂƚŝŽŶ ?ĂƐĞĚ&ĞĂƚƵƌĞ^ĞůĞĐƚŝŽŶĨŽƌDĂĐŚŝŶĞ>ĞĂƌŶŝŶŐ ?,ĂŵŝůƚŽŶ ?EĞǁĞĂůĂŶĚ ? 
,Ğ ? ' ? ? DŽů ?  ?W ?: ? ? ŚĂŶŐ ? > ? ĂŶĚ >Ƶ ? z ?  ? ? ? ? ? ) ?  “WƵďůŝĐ ƉĂƌƚŝĐŝƉĂƚŝŽŶ ĂŶĚ ƚƌƵƐƚ ŝŶ ŶƵĐůĞĂƌ ƉŽǁĞƌ
ĚĞǀĞůŽƉŵĞŶƚŝŶŚŝŶĂ ? ?ZĞŶĞǁĂďůĞĂŶĚ^ƵƐƚĂŝŶĂďůĞŶĞƌŐǇZĞǀŝĞǁƐ ?sŽů ? ? ? ?ƉƉ ? ? W ? ? ? 
,Ğ ? ? ?^ŚƵ ?& ? ?zĂŶŐ ?z ? ?>ŝ ?D ?ĂŶĚtĂŶŐ ?Y ? ? ? ? ? ? ) ? “ŶŝŶǀĞƐƚŝŐĂƚŝŽŶŽŶƚŚĞĨĞĂƐŝďŝůŝƚǇŽĨĐƌŽƐƐ ?ƉƌŽũĞĐƚ
ĚĞĨĞĐƚƉƌĞĚŝĐƚŝŽŶ ? ?ƵƚŽŵĂƚĞĚ^ŽĨƚǁĂƌĞŶŐŝŶĞĞƌŝŶŐ ?^ƉƌŝŶŐĞƌh^ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ?   ?W  ? ? ? 
,Ƶ ?z ? ?ŚĂŶ ? ?W ? ? ?>Ğ ?z ?ĂŶĚ:ŝŶ ?Z ? ? ? ? ? ? ) ? “&ƌŽŵŽŶƐƚƌƵĐƚŝŽŶDĞŐĂƉƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚƚŽŽŵƉůĞǆ
WƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚ PŝďůŝŽŐƌĂƉŚŝĐŶĂůǇƐŝƐ ? ?:ŽƵƌŶĂůŽĨDĂŶĂŐĞŵĞŶƚŝŶŶŐŝŶĞĞƌŝŶŐ ?sŽů ? ? ?EŽ ?
ƚŽŝŐ ? ? ? ? ?Ɖ ? ? ? ? ? ? ? ? ? 
/ŶĚǇŬ ?W ?ĂŶĚDŽƚǁĂŶŝ ?Z ?  ? ? ? ? ? ) ?  “ƉƉƌŽǆŝŵĂƚĞŶĞĂƌĞƐƚŶĞŝŐŚďŽƌƐ P ƚŽǁĂƌĚƐƌĞŵŽǀŝŶŐƚŚĞĐƵƌƐĞŽĨ
ĚŝŵĞŶƐŝŽŶĂůŝƚǇ ? ?WƌŽĐĞĞĚŝŶŐƐŽĨƚŚĞdŚŝƌƚŝĞƚŚŶŶƵĂůD^ǇŵƉŽƐŝƵŵŽŶdŚĞŽƌǇŽĨŽŵƉƵƚŝŶŐ ?
^dK ? ? ? ?DWƌĞƐƐ ?EĞǁzŽƌŬ ?EĞǁzŽƌŬ ?h^ ?ƉƉ ? ? ? ? W ? ? ? ? 
/ŶǀĞƌŶŝǌǌŝ ?  ? ? ? >ŽĐĂƚĞůůŝ ? ' ? ĂŶĚ ƌŽŽŬĞƐ ? E ?: ?  ? ? ? ?  ) ?  “DĂŶĂŐŝŶŐ ƐŽĐŝĂů ĐŚĂůůĞŶŐĞƐ ŝŶ ƚŚĞ ŶƵĐůĞĂƌ
ĚĞĐŽŵŵŝƐƐŝŽŶŝŶŐŝŶĚƵƐƚƌǇ PƌĞƐƉŽŶƐŝďůĞĂƉƉƌŽĂĐŚƚŽǁĂƌĚƐďĞƚƚĞƌƉĞƌĨŽƌŵĂŶĐĞ ? ?/ŶƚĞƌŶĂƚŝŽŶĂů
:ŽƵƌŶĂů ŽĨ WƌŽũĞĐƚ DĂŶĂŐĞŵĞŶƚ ? sŽů ? /Ŷ WƌĞƐƐ ? Ɖ ?
ŚƚƚƉ P ? ?Ěǆ ?ĚŽŝ ?ŽƌŐ ? ? ? ? ? ? ? ? ?ũ ?ŝũƉƌŽŵĂŶ ? ? ? ? ? ? ? ? ? ? ? ? ? 
:ĂĐŽďƐƐŽŶ ?D ? ?>ƵŶĚŝŶ ?Z ? ?ĂŶĚ^ƂĚĞƌŚŽůŵ ? ? ? ? ? ? ? ) ? “ZĞƐĞĂƌĐŚŝŶŐWƌŽũĞĐƚƐĂŶĚdŚĞŽƌŝǌŝŶŐ&ĂŵŝůŝĞƐ
ŽĨdĞŵƉŽƌĂƌǇKƌŐĂŶŝǌĂƚŝŽŶƐ ? ?WƌŽũĞĐƚDĂŶĂŐĞŵĞŶƚ:ŽƵƌŶĂů ?tŝůĞǇWĞƌŝŽĚŝĐĂůƐ ?/ŶĐ ? ?sŽů ? ? ?EŽ ? ? ?
ƉƉ ? ? W ? ? ?
<ĂůĚĞůůŝƐ ? : ?< ? ? <ĂƉƐĂůŝ ? D ? ? <ĂůĚĞůůŝ ?  ? ĂŶĚ <ĂƚƐĂŶŽƵ ?  ?  ? ? ?  ? ) ?  “ŽŵƉĂƌŝŶŐ ƌĞĐĞŶƚ ǀŝĞǁƐ ŽĨ ƉƵďůŝĐ
ĂƚƚŝƚƵĚĞŽŶǁŝŶĚĞŶĞƌŐǇ ?ƉŚŽƚŽǀŽůƚĂŝĐĂŶĚƐŵĂůůŚǇĚƌŽĂƉƉůŝĐĂƚŝŽŶƐ ? ?ZĞŶĞǁĂďůĞŶĞƌŐǇ ?sŽů ? ? ? ?
ƉƉ ? ? ? ?W ? ? ? ? 
<ĂƌĚĞƐ ?/ ? ?KǌƚƵƌŬ ? ? ?ĂǀƵƐŐŝů ?^ ?d ?ĂŶĚĂǀƵƐŐŝů ? ? ? ? ? ?  )  “DĂŶĂŐŝŶŐŐůŽďĂůŵĞŐĂƉƌŽũĞĐƚƐ PŽŵƉůĞǆŝƚǇ
ĂŶĚƌŝƐŬŵĂŶĂŐĞŵĞŶƚ ? ?/ŶƚĞƌŶĂƚŝŽŶĂůƵƐŝŶĞƐƐZĞǀŝĞǁ ?sŽů ? ? ?EŽ ? ? ?ƉƉ ? ? ? ? W ? ? ? ?
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Dependent 
Variable 
Construct 
Operationalization 
The project 
had a cost 
overrun 
The project was judged to have a cost overrun if the final cost of the project was 
greater than the 110% of the original estimate (adjusted for inflation). 
The estimated cost was taken to be a publically available figure obtained either 
through direct interview with the project client or through public review at the time 
as close as possible to the point at which the first formal activity (as, for instance, 
the first stage in the acquisition of any land rights required for the project) was 
entered into. 
The final cost was taken to be a publically available figure obtained either through 
direct interview with the project client or through public review at the point at 
which the project entered operation. The final cost and initial estimate were 
assumed to have been made on the same basis.  
The project 
was delayed in 
the planning 
phase 
The project was judged to be delayed in the planning if the actual 
commencement of physical construction was more than 12 months later than the 
planned date for the commencement of construction. 
The planned date for the commencement of construction was taken to be a 
publically available figure obtained either through direct interview with the project 
client or through public review at the time as close as possible to the point at 
which the first formal activity (such as the first stage in the acquisition of any land 
rights required for the project) was entered into. 
The actual date for the commencement of construction was taken at the point at 
which any physical construction activity related directly to key functionality of the 
project was undertaken as reported through direct interview with the project client 
or through public review. 
The project 
was delayed in 
the 
construction 
phase 
The project was judged to be delayed in the construction phase if it exceeded the 
planned date for entry into service by 12 months (compared to the date set at the 
point of entry into construction). 
The planned date for the entry into service was taken to be a publically available 
figure obtained either through direct interview with the project client or through 
public review at the time as close as possible to the commencement of 
construction work. 
The actual date for the entry into service was taken at the point at which the 
output from the project was first provided to its intended beneficiaries as reported 
through direct interview with the project client or through public review. 
 
7DEOH4XDOLW\RIPHJDSURMHFWSUHGLFWLRQ$FFXUDF\DQG)PHDVXUHIRUGLIIHUHQWFODVVLILFDWLRQPRGHOV 
Project outcome Y1 Cost Overrun Y2 Delay in Construction Y3 Delay in Planning 
ML technique DT NB LR DT NB LR DT NB LR 
A
cc
ur
ac
y All project 
characteristics 0.400 0.513 0.436 0.546 0.634 0.610 0.665 0.650 0.450 
CFS 0.556 0.692 0.718 0.634 0.707 0.732 0.727 0.575 0.575 
IG 0.515 0.513 0.718 0.534 0.659 0.634 0.705 0.550 0.475 
F-
m
ea
su
re
 All project 
characteristics 0.389 0.515 0.440 0.529 0.632 0.614 0.527 0.609 0.468 
CFS 0.553 0.694 0.715 0.626 0.710 0.730 0.724 0.555 0.555 
IG 0.511 0.515 0.720 0.527 0.663 0.638 0.691 0.537 0.489 
 
 7DEOH*HQHUDOUHVXOWV±WKHPRVWLQIRUPDWLYH0HJDSURMHFWFKDUDFWHULVWLFV 
Project characteristics / 
Performance indicators 
Machine learning Fisher Exact Test 
Cost 
Overrun 
Delay in 
construction 
Delay in 
planning 
Cost 
Overrun 
Delay in 
construction 
Delay in 
planning 
SI1 The EPC has a clear goal   x    
SI2 The project is mono cultural (weak definition)       15% (-)     
SE1 
International environmental 
groups have been raised 
concern against the project  
        3% (-)   
 SE2 The project has national public acceptability X X     2% (+)   
SE3  The project has local public 
acceptability         14% (+)   
SE4 
Environmental groups have 
been engaged ex-ante, not 
ex post 
X     1% (+)     
EL2 
The project has a strong 
regulation system: authority 
gave fine  
X     6% (-) 5% (-)   
EL3 
The project has a strong 
regulation system. Actions 
from the authority postponed 
the completion  
X   X     2% (-) 
EL4 
The project fits in the long 
term plan of the country's 
government 
X 
    
      
ES1 There is planned a long term 
stability in usage and value X X     14% (+)   
ES3 Financial Support from 
national government X           
ES5 
The majority of the national 
population trust the national 
authority 
    X 
      
EP2  Support of the local government (no national)         9% (-)   
PM5 
There was a formal litigation 
procedure during the 
contract between Client and 
EPC 
  X   14% (-) 10% (-) 9% (-) 
T1 
The megaproject is 
composed of more than 1 
identical independent unit 
    X 
      
T2 The project is modular - dependent modules   X         
T4 FOAK weak ± country level     X     11% (-) 
T7 The project is nuclear 
reactor X X   11% (-)     
T8 Offshore project X X X   8% (+)   
T9 Project physically connects two countries X           
O2 The project has an SPE   X X 4% (+) 4% (+) 9% (-) 
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Independent 
Variable 
Operationalization Justification NO (0) YES (1) 
 SI1 
Project has a 
foreign Engineering 
Procurement and 
Construction (EPC) 
/ main contractor 
company 
The EPC has his main 
headquarter in the 
county hosting the 
project 
The EPC has his main 
headquarter in a foreign 
country 
Foreign EPC / main 
contractors could be 
unfamiliar with the 
project environment 
(Ruuska et al., 2009) 
SI2 
The Client is also 
the EPC or main 
contractor 
The EPC is delivering 
the infrastructure for a 
certain customer 
The EPC will own the 
infrastructure 
In some projects (e.g. 
Flamanville 3) the EPC 
will also be the owner of 
the infrastructure 
(Locatelli and Mancini, 
2012) 
SI3 The EPC has a 
clear goal 
There areQ¶WDQ\ 
documents to backup 
this characteristic 
There are documents to 
backup this 
characteristic 
It is a key factor in (Pinto 
and Slevin, 1987)(Pinto 
and Mantel, 1990) 
SI4 
The project is mono 
cultural (weak 
definition) 
Client and EPC have 
different nationality 
(main headquarters in 
different countries) 
Client and EPC have 
the same nationality 
(main headquarters in 
the same country) 
The impact of 
multiculturalism in 
project is stressed in the 
literature as a key 
aspect of project 
governance (Ofori and 
Toor, 2009; Rees-
Caldwell and Pinnington, 
2013; Ruuska et al., 
2011; Swart and Harvey, 
2011) 
SI5 
The project is mono 
cultural 
(strong definition) 
Client, EPC and all the 
important first tier 
contractors have 
different nationalities 
(main headquarters in 
different countries) 
Client and EPC and all 
the important first tier 
contractors have 
different nationalities 
(main headquarters in 
the same country) 
SI6 
More than 50% 
share of the client 
is under the state 
control 
The national state owns 
directly or indirectly less 
than 50% of the share in 
the project 
The national state owns 
directly or indirectly 
more than 50% of the 
share in the project 
When the customer is 
the government, the 
project is managed 
differently and the risk 
pattern changes (Aritua 
et al., 2011) 
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Independent 
Variable 
Operationalization Justification NO (0) YES (1) 
SE1 
International 
environmental 
groups have 
been raised 
concern against 
the project 
No evidence of 
actions from 
environmental groups 
The project has been 
openly censured by 
international 
environmental groups 
such as Greenpeace 
Concerns from environmental 
groups can trigger scopes 
change or even stop the project 
(Ross and Staw, 1993). The real 
effectiveness is assessed with 
this variable 
SE2 
The project has 
national public 
acceptability 
There are relevant 
protests or 
referendums against 
the project at national 
level 
The population living in 
that nation was 
supportive (or not 
objected) about the 
project 
Public acceptability is often 
advocated as a precondition for 
project success (Brunsting et al., 
2013; Kaldellis et al., 2013) 
SE3 
The project has 
local public 
acceptability 
There are relevant 
protests or 
referendums against 
the project at local 
level 
The local population 
was supportive (or not 
objected) about the 
project 
SE4 
Environmental 
groups have 
been engaged 
ex-ante, not ex 
post 
External stakeholders 
have been involved 
after the construction 
started 
External stakeholders 
have been involved 
before the construction 
started, particularly in 
the planning process 
In large construction projects, 
the early involvement of external 
stakeholders such as 
³HQYLURQPHQWDOJURXSV´KDV
been suggested as a best 
practice to avoid issues as the 
NIMBY syndrome (Alexander 
and Robertson, 2004) 
SE5 
Local level 
protests 
occurred during 
construction or 
commissioning, 
not during 
planning 
The definition does 
not apply to the 
project 
The definition applies 
to the project 
Public participation is a key fact 
and the support toward a certain 
infrastructure can evolve over 
time (Drazkiewicz et al., 2015) 
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 Independent Variable Operationalization Justification NO (0) YES (1) 
EL1 
The project has a strong 
regulation system as 
evidenced by 
a) The safety authority 
stopping the project or very 
similar projects in the same 
country 
The definition does 
not apply to the 
project 
The definition 
applies to the 
project 
A strong regulatory 
system, in case of not 
compliance, can foster 
the EPC and its 
contractor to 
expensive scope 
changes (Locatelli et 
al., 2011; Ross and 
Staw, 1993). 
EL2 
b) The authority giving a fine to 
the EPC or one of the internal 
stakeholders in the project 
EL3 
c) Action from the authority 
postponing the final completion 
of the project 
EL4 
The project fits in the long term 
plan of the country's 
government 
There are no 
evidences to 
support how the 
project fits in the 
long term plan of 
the country's 
government 
There is at least an 
official document 
presenting how this 
project fits in the 
long term strategy 
of the country 
Long term view is 
often advocated as a 
key aspect of project 
delivery (Ahola et al., 
2008; Park, 2009) 
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Independent 
Variable 
Operationalization Justification NO (0) YES (1) 
ES1 
There is planned a 
long term stability in 
usage and value 
There is no evidence 
of long term 
value/stability 
planned 
There is evidence 
of instruments like a 
price floor for 
electricity to support 
the long term 
stability of the 
project 
Long term view is often 
advocated as a key aspect of 
project delivery. (Ahola et al., 
2008; Park, 2009) 
ES2 
Financial Support 
from the European 
Union (EU) The definition does 
not apply to the 
project 
The definition 
applies to the 
project 
Infrastructural projects partially 
financed by the European Union 
are supposed to go through an 
independent cost-benefit 
analysis and third-part appraisal. 
(CBA Guide Team, 2008; Kelly 
et al., 2015) 
ES3 
Financial Support 
from the national 
government 
ES4 
Unemployment in 
the area is above 
the national 
average 
Unemployment in the 
area is below the 
national average 
Unemployment in 
the area is above 
the national 
average 
The deployment of megaprojects 
in areas with high 
unemployment creates job 
positions useful to reduce the 
NIMBY problem (Invernizzi et 
al., 2017; Martinát et al., 2014)  
ES5 
The majority of the 
national population 
trusts the national 
authority 
There are documents 
(e.g. pools) showing 
the trust of the 
national population 
toward the national 
authority 
There are 
documents (e.g. 
pools) showing that 
the national 
population do not 
trust the national 
authority 
The trust on the national 
authority is linked to public 
acceptability is positive (He et 
al., 2013)+RZHYHUD³WUXVWIXO
QDWLRQDODXWKRULW\´PLJKWLPSRVH
very restricting measures to the 
project increasing the risks 
ES6 
The compensation 
to the local 
community is above 
0.1 of the total 
budget 
The definition does 
not apply to the 
project 
The definition 
applies to the 
project 
The compensation to the local 
community is a way to increase 
the local public acceptability of 
the project (NEI, 2003), 
(Meacham, 2012) 
ES7 
The density of the 
population of the 
province is below 
the national 
average 
The definition does 
not apply to the 
project 
The definition 
applies to the 
project 
Some projects, particularly the 
controversial ones, might be 
delivered in areas scarcely 
populated to reduce the risk of 
local protest (Barrett and Lawlor, 
1997) (Lindén et al., 2015) 
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Independent 
Variable 
Operationalization Justification NO (0) YES (1) 
EP1 
Support of the 
national 
government (no 
local) 
The national government 
has not supported the 
plant through direct 
financial subsidies, loan 
guarantee and tax 
exception. 
The national government 
has supported the plant. 
This includes direct 
financial subsidies, loan 
guarantee and tax 
exception. 
The government is a 
key player in the 
megaprojects. It can 
have several roles 
and influences directly 
and indirectly the 
performances. For 
instance, several 
megaprojects are 
delivered as Public-
Private-Partnerships 
PPP (Evers and de 
Vries, 2013; Greco et 
al., 2017; Liu et al., 
2016; Locatelli and 
Mancini, 2014) 
EP2 
Support of the 
local government 
(no national) 
There are no official 
documents or incentives 
or subsides from the local 
government to support the 
project 
There are official 
documents or incentives or 
subsides from the local 
government to support the 
project 
EP3 
Support of both 
national and local 
government The definition does not 
apply to the project 
The definition applies to the 
project 
EP4 
Not supported by 
either national 
and local 
government 
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 Independent Variable Operationalization Justification NO (0) YES (1) 
PM1 The project uses planning by milestones 
There is no evidence 
that the Project 
Manager (PM) used a 
"planning by 
milestone" approach 
There is evidence that 
the PM used a 
"planning by 
milestone" approach 
These three 
variables test the 
impact of well-
known project 
management tools 
and techniques. 
(Golini et al., 2015) 
(Mir and 
Pinnington, 2014) 
PM2 
The project uses formal 
project management 
tools and techniques 
There is no evidence 
that the PM heavily 
used formal project 
management tools 
and techniques. 
At least: Gantt chart, 
PERT (or simulation), 
Risk analysis, Earned 
Value, Cost schedule 
control System. 
There is evidence that 
the PM heavily used 
formal project 
management tools and 
techniques. 
At least: Gantt chart, 
PERT (or simulation), 
Risk analysis, Earned 
Value, Cost schedule 
control System. 
PM3 Usage of performance 
metrics 
There is no evidence 
that the PM used 
performance metrics 
There is evidence that 
the PM used 
performance metrics 
PM4 
Turnkey contract 
between Client and 
EPC/main contractor 
The definition does 
not apply to the 
project 
The definition applies 
to the project 
The type of 
contract influences 
project 
management 
success (Suprapto 
et al., 2016) and 
turnkeys are 
blamed for poor 
risk allocation and 
therefore 
performance 
(Ruuska et al., 
2009) 
PM5 
There was a formal 
litigation procedure (e.g. 
international chamber of 
commerce) during the 
contract between Client 
and EPC 
The definition does 
not apply to the 
project 
The definition applies 
to the project 
The alignment of 
goals between the 
stakeholders is key 
for the project 
delivery. Litigation 
is an indicator of 
misalignment 
between 
stakeholders 
PM6 
Project has a well-
developed FEED (Front 
End Engineering 
Design) 
Frequent design 
amendments and 
elaborations 
There are no change 
of the FEED during the 
construction & the 
FEED was finished 
before the construction 
started 
A well-developed 
FEED is often 
considered a key 
success factor for 
the delivery of the 
project (Merrow, 
2011) 
PM7 An experienced project director is present 
The definition does 
not apply to the 
project 
The definition applies 
to the project 
Key factors 
suggested in (Pinto 
and Slevin, 1987) 
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 Independent Variable Operationalization Justification NO (0) YES (1) 
T1 
The megaproject is 
composed of more 
than 1 identical 
independent unit 
The definition 
does not apply to 
the project 
The definition applies 
to the project 
Modularisation is often advocated as a 
strategy to make project more 
manageable and delivery them on time 
and on budget (Locatelli, Bingham, et 
al., 2014). Modularisation can be 
intended in two ways: 1 ± as the 
decomposition of a large structure in 
dependent prefabricated modules or 2 ± 
as the construction of several small 
units with a total capacity comparable to 
a large plant 
T2 
a) The project is 
modular - dependent 
modules 
T3 
b) The project is 
modular - independent 
modules 
T4 FOAK weak ± country level 
At least a similar 
project was 
delivered 
somewhere in the 
country 
The plant is 
absolutely the first in 
the country or the 
design has radical 
modification respect 
to existing ones 
FOAK project (in particular 
megaproject) have several unknown 
unknowns (Ramasesh and Browning, 
2014) jeopardizing the planning and 
delivery. Often FOAK projects are late 
and has a cost overrun (Merrow, 
2011) T5 
FOAK strong ± global 
level 
 
At least a similar 
project was 
delivered 
somewhere in the 
world 
The plant is the 
absolutely the first in 
the world or the 
design has radical 
modification respect 
to existing ones 
T6 
Industrial sector 
(Energy, Transport, 
Miscellaneous) 
The definition 
does not apply to 
the project 
The definition applies 
to the project 
This variable assess the correlation of 
sector with the performance and 
support the Machine Learning (ML) 
algorithm 
T7 The project is a 
nuclear reactor 
The project is not 
about a nuclear 
reactor 
The project is the 
construction or major 
refurbishment of a 
nuclear reactor 
Nuclear power plants projects are 
usually have cost overrun and late even 
more frequently and then other 
megaproject (Sovacool, Nugent, et al., 
2014) 
T8 Offshore project 
The definition 
does not apply to 
the project 
The definition applies 
to the project 
(Merrow, 2011) reports offshore 
projects as particularly problematic and 
affected by poor performance in the 
delivery 
T9 The project physically 
connects two countries 
The definition 
does not apply to 
the project 
The definition applies 
to the project 
Projects connecting two countries (as 
the well-known channel tunnel) 
represent a challenge from several 
perspective, including technology, 
governance and stakeholders 
management (Genus, 1997)(Anguera, 
2006) 
O1 
Previous similar 
project was on time 
and budget (N/A for 
FOAK) 
The definition 
does not apply to 
the project 
The definition applies 
to the project 
The deployment of similar facilities 
might benefit from the industrial learning 
effect leading to better cost estimation 
and project delivery performances 
(David and Rothwell, 1996) (Locatelli, 
Bingham, et al., 2014) (Choi et al., 
2009) 
O2 
The project has a 
Special Purpose Entity 
(SPE) 
No SPE is 
involved in the 
delivery of the 
project 
One or more SPE 
are involved in the 
delivery of the project 
as Client and/or EPC 
Special Purpose Entity are temporary 
organisations often involved in the 
project planning and delivery. They 
might reconcile the interest of several 
stakeholder toward the common goals 
of the project (Sainati et al., 2017) 
 
